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£ ^ ADVERTISEMENT 

A 

») 

1 TO THE 



^ EIGHTH LONDON EDITION. 



During the interval which has elapsed since the publication 
of the last edition of this work, the progress of Chemistry, though 
not distinguished by essential changes in the general principles of 
the science has nevertheless been marked, not only by beneficial 
applications of those principles to the useful arts, but by the discov- 
ery of a great number of important facts, and of some new and in- 
teresting bodies. Among practical inventions, the Safety Lamp 
of Sir Humphry Davy stands pre-eminent, as a contribution from 
science to the interest of humanity, not resulting from accident, but 
suggested by general reasoning, and perfected by an admirable 
train of philosophical induction.— To our knowledge of individ- 
ual bodies has been added that of a new alkali, a new earth, and 
two new metals ; of a gas which, like chlorine, becomes acidified 
by union with hydrogen ; of new acids, composed of oxygen in 
combination with chlorine, with nitrogen, and with phosphorus ; 
and of compounds before undiscovered, derived from the vegetable 
and animal kingdoms. In a variety of instances, the properties 
of bodies, that had been long known, have been better ascertained 
and more extensively investigated. Such additional evidence, too, 
of the nature of chlorine has arisen out of the further controversy 
respecting it, as to have satisfied me of the propriety of a change 
in its classification. It has been necessary, therefore, again to re- 
vise the whole work with the greatest pare ; to make considerable 
additions to many of the sections ; and to introduce a few entire- 
ly new ones. In a chapter of addenda, also, at the close of the se- 
cond volume, the history of discoveries will be found continued to 
the latest period which the publication would admit. To gain 
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ADVERTISEMENT. 



room for these improvements, without much enlarging the bulk of 
the volumes, I have rejected every thing which recent experience 
has corrected or rendered doubtful. 

Though no pains have been spared to render the work a faithful 
abstract to the present state of Chemistry, yet it is not improbable 
that errors and omissions may still be discovered in it In rectify- 
ing these, I hope to be assisted by a continuance of those candid 
criticisms, both through public and private channels of communi- 
cation, to which I have already been greatly indebted. 



Manchester, 
Oct. 1818. 
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Acetate of alumine, ii 226 
ammonia, ii 225 
barytes, ii 225, 317 
copper, ii 82, 323, 226, 377 
iron, ii 22 

lead, ii 107, 227, 316, 377 
lime, ii 225 
lithina, i 195 
magnesia, ii 226 
manganese, ii 226 
nickel, ii 227 
potash, ii 225, 372 
silver, ii 226, 315 
soda, ii 225 
strontites, ii 226 
tin, ii 101 
zinc, ii 110, 226 
.fcctic acid, ii 221 

modes of obtaining, ii 223 
analysis of, ii 224 
specific gravity no test of 

its strength, ii 224 
properties of, ii 224 
mode of ascertaining the 

purity of, ii 368 
ether, ii 216 
Acetvu* acid, ii 221 

obtained from wood ii 

232 
. mode of ascertaining 
the purity of, ii 368 
Acids, general properties of, i 223 
most contain oxygen, i 224 
but some produced by hydro- 
gen, i 224 
terminology of, i 224, 225 
supporters of combustion, 

225, 227 
water an essential element of, 

i235 
law respecting their saturation 

by bases, i £26 
nomenclature of the com- 
pounds of muriatic and oxy- 
muriatic, i 346 
metals oxydized by ii 34, 35 
Vol. I--€ * 



Acids, 
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native vegetable enumerated 

ii 155 
specific gravity not always a 

test of the strength of ii 322 

found in animal substances, 

U247 
testa of, ii 383 
acetic, ii 221, 368 
acetous, ii 221, 368 
amniotic, ii 249 
antimonic, ii 115 
antimonious, ii 115 
arsenic, ii 122 
arsenous, ii 122 
benzoic, ii 369 
boletic, ii 168 
boracic, ii 16, 368 
Braconnot's, ii 169 
camphoric, ii 173 
carbonic, i 233 
cetic, ii 244 
chloric, i 339 
chloriodic, ii 27 
chromic, ii 132 
citric, ii 156 
columbic, ii 138 
ferro-prussic, ii 255 
ferrureted chyazic, ii 25 
fiuoboric, ii 21 
fluoric, ii 19 

subsilicated, U 19 
formic, ii 256 
gallic, ii 159 
hydriodic, ii 24 
hydro-cyanic, ii 253 
hydro-fluoric, ii 20 
hydro-ionic, ii 24 
hydro-nitric, i 303 
hydro-phosphorus, ii 10 
hydro-thionic, i 290 
hyno-sulphurous, i272 284287, 
iodic, ii 26, 27 
kinic, ii 170 
laccic, ii 168 

lactic, ii 257, 276 

lithic, n 247 

malic, ii 161 

margajitic, ii 246 
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Acids, melHtic, ii 300 

molybdic, ii 134 

molybdous, ii 134 

moroxylic, ii 167 

mucous, ii 249 

muriatic, i 328, 332, 334 ; u 367 

murio-sulphuric, i 361 

new vegetable, ii 169 

nitric, i302, 303, 321; ii 311 
367 

nitro-muriatic, i 360 

nitro-sulphuric, ii 64 

nitrous, i 307, 316 ; ii 311, 367 

oleic, ii 246 

oxalic, ii 151, 153, 16 312, 

oxyiodic, ii 28 

oxymuriatic. See Chlorine. 

oxynitric, ii 439 

per-chloric, i 340 

per-nitrous, i 318 

per- sulphurous, i 284, 285 

per phosphorous, ii 10 

phosphatic, ii 3 

phosphoric, ii 168 

phosphorous, ii 8 

prussic, ii 128, 251, 252 

purpuric, ii 248 

pyroligneous, ii 182 

pyromucous, ii 165 

pyro-tartaric, ii 165 

rheumic, ii 169 

rosacic, ii 248^ 

saccholactic, ii 249 

sebacic, ii 250 

selenic, ii 119 

sorbic, ii 162 

stibic, ii 115 

stibious, ii 115 

suberic, ii 195, 196 

succinic, ii 174, 369 

sulphuric, i 264; 272, ii 86, 311, 
366 

sulphurous, i 270 

sulphurated chyazic, ii 255 

tartaric, ii 163, 368 

telluric, ii 117 

tungstic, ii 135, 136 

uric, ii ^47, 290 

zoonic, ii 256 

zumic, ii 169 
Adipocire, ii 244 
Adopter, i 31 

Aeriform bodies. See Gases. 
Affinity, chemical. See Chemical Af- 
finity. 

of aggregation, i 37 
elective, i 54, 71, 72 
resulting, i 60 
elementary, i 60 
disposing, i 60, 61 



Affinity, complex, i 65 
quiescent, i 66 
divellent, i 66 
simple, table of, ii 430, 434 
Agriculture, application of chemistry 

to, i xvii ; ii 385 
Air, expansion of, by heat, ii' 409 
compression of, produces fire, i. 
118 
Albumen, properties, of, ii 232 
tests of, ii 233, 235 
not chemically altered by 

heat, ii 233 
cause of the coagulation of,- 
ii234 
Alcohol, preparation of, ii 206, 208 

not produced by distillation, 

ii206 
quantity of, contained in dif- 
ferent liquors, ii 207 
properties of, ii 207, 211 
mixtures of water with, ii. 

208,209 
combustion of, ii 209 
expansion of, ii 209 
substances soluble in, ii 210 
solubility of salts in, ii 210,. 

211 
analysis of, ii 211, 213 
composition of, ii 213, 214 
. action of acids on, ii 214 
use of, as a test, ii 321 
mode of ascertaining its pu- 
rity, ii 378 
and water, specific gravity of 
different mixtures of, ii 208, 
209 
solubility of substances in, ii 

419 
substances insoluble in, ii 419 
of sulphur, i 296, 298 
sulphurized, i 262 
Alembic, i 30 

Algaroth, powder of, ii 117 
Alkali, silicated, i 215 

new vegetable, ii 574 
volatile. See Ammonia. 
Alkalies, properties of, i 178 

analysis of the fixed, i 181 

volatile, i 195 
204 
direction of adulteration in, 

ii379 
combination of sulphuric 

acid with, i 194 
action of, on metals, ii 38, 39 
use of, as tests, ii 313 
tests of, ii 322 
AlkaUmeter, ii 379, 383 
Alloys, ii 48 



INDEX. 



XVU 



Alloy 8) apt to separate when infusion, 
ii48 
terminology of, ii 50, 51 
qualities of the metals altered 
in, ii 49, 50, 55 
of iron, ii 95 
of zinc, ii 111 

Alum, i 281 

component parts of, 1 281, 282 

mode of ascertaining the puri- 
ty of, ii 373 

analysis of, 440 
Alurmne, attempt to decompose, i 206, 
218 

method of obtaining, i217 

its properties, i 217 

hydrate of, i 217 

carbonate of, i 252 

sulphate of, i 281 

tests of, ii 323 

means of ascertaining the pu- 
rity of, ii 373 

sulphite of, i 286 

nitrate of, i 327 

muriate of, i 354 

acetate of, ii 226 

tests of salts of, ii 322 
Alumium, i 218- 
Amadou, i 118 

Amalgams, ii 70 See Mercury. 
Amber, ii 174, 197 

acid of, See Succinic Acid. 
Ambergris, ii 243 
Ammonia, preparation and qualities 

of, i 195 
specific gravity of, i 196 , 
' may be imnamed when mixed 
with oxygen, i 196 
analysis of, 1 196, 204 
rapidly and largely absorbed 

by water, i 197 
quantities in solutions of dif- 
ferent densities, i 197 
contains oxygen, i 198 
' its base forms an amalgam 
with mercury, i 201, 202 
nature of this amalgam, i 202 
decomposition of, by potas- 
sium, i 203 
sub-carbonate of, i 244 

mode of pre- 
paring, i 245 

mode of as- 
certaining , its/ purity, 
and that of its solution, 
ii 370 
bi-oarbonate of, i 246 ^ 

its use as a 

test, ii 313 



Ammonia, sulphate of, i 275 
sulphite of, i 285 
hydrosulphuret of, i 293 

its use 

as a test, ii 321 

sulphuret of, i 287 

hydrogureted sulphuret of, i 
295 

nitrate of, i 324 

muriate of, i 349 

mode of ascertain- 
ing its purity, ii 372 

chlorate of, i 358 

solution of copper in, ii 83 

oxalate of, ii 154 

important as a test 
of lime, iil54 
citrate of, ii 158 
acetate of, ii 225 
fluate of, ii 313 
use of, as a test, ii 313 
phosphate of, ii 6 
succinate of, as a test, u 319 
tests of, ii 322 

solution of, method of ascer- 
taining its purity, ii370 
^mmowaco-magnesian sulphate, i 280 
Ammonium, i 202 
AmmoniurWa, ii 39 
Amnios, liquof of the, u 281 
Amniotic acid, ii 249 <# 

Analysis of earths and stones, u JJ5 
inflammable fossils, ii 347 
lime ii 385 
marls, ii 387 

minerals in general, u 330 
mineral waters, ii 305 
ores, ii 348 
salts, ii 333 
Animal jelly. See Gelatine. , 
oil, ii 295 
substances, ii 227 

method of staining 

black, ii 63 
analysis of, ii 227, 228 
primary, ii 229 
more complex, ii 257 

Antimonane, ii 47 
Antimoniates, ii 115 
AnHmonic acid, ii 115 
AnHmonious acid, ii 115 
Antimonites, ii 115 
Antimony, ii 113 

mode of obtaining pure, 
ii 113 

oxides of, ii 41, 114, 115 

acidifiable, ii 115 
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Antimony, ignited, detonates with the 
vapour of water, ii 113 
sulphuret of, ii 115 
glass of, ii 116 

mode of ascertaining" 
its purity, ii 373 
hydro-sulphuretecl oxide of, 

U116 
action of acids on, ii 116 
alloys of, ii 117 
analysis of ores of, ii 351 
tartarized, mode of ascer- 
taining its purity, ii 374 
Ants, aoid obtained from, ii 256 
Apparatus, chemical, i 28, 111, 
Woulfe's, i 31, 
. Cuthbertson's, i 469 
Aqua fortis, mode of ascertaining the 
purity of, ii 367 
See Nitric Acid. 
regia, ii 52 
Arbor Dianx, ii 49, 63 
^rc«/,iil84 - 
Argentine, i 345, ii 62 
Argentine flowers of antimony, ii 113 
Arsenates, ii 123 

Arsenic, mode of obtaining, ii 120 
properties of* ii 120, 121 
tinges copper white, ii 121 
properties of white oxide 

of, ii 121 
sulphurets of, ii 122 
analysis of ores of, ii 351 
method of discovering, ii 

358, 362 
compound of hydrogen with, 

U 123 
alloy of potassium with, ii 

124 
acid, mode of obtaining, ii 
122 

properties of, ii 123 
Arsenicane, ii 47 
Arseditea, ii 122 
Arsenous acid, ii'121 

tests of, ii 314, 358 
Ar8enureted hydrogen gas, ii 123 
Arts, application of' chemistry to, i 

xx, ii 379 
Asparagin, ii 200 
Asphaltum, *> 198 
Atmospheric air, i 133, 298 

weight of, i 137 
Atomic theory, i 47 

objections to it, i 5!, 
52 
Atoms, i 36 

simple, i 37 
compound, i 37, 48 
component, i 37 
elementary, i 37, 48 



Atoms, organic, i 48 

figure of, i 48 

ultimate of bodies, weight o£ 
149; ii 420 
Attraction, i 55 
Aurum musivum, ii 101 
Azotic Gas. See Nitrogen. 
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Baldwin's phosphorus, i 326 
Balloons, i 144 
Balsams, ii 174 

LariUa, mode of detecting the adul- 
teration of, ii 379, 383 
Barium, i 208, 209 
Barometer, rules for reducing gases 

to a mean height of, ii 397 
Barpes, analysis of, i 207 

properties of, i 207 
base of, i 208, 209 
carbonate of, i 247, 276 

mode of disco- 
vering", ii 363 
sulphate of, i ^76 
method of procuring pure, 

i 276 
phosphate of, ii 6 
sulphite of, i 268 
hydro-sulphuret of, i 293 
hydrogureted sulphuret of, 

i295 
nitrate of, i 325 
muriate of, i 351 
chlorate of, i 360 
oxalate and superoxalate of, 

ii 154 
citrate of, ii 158 
acetate of, ii 225 

its use as a test, 
ii 317 
use of, as a test, ii 314 
test of, ii 322 
Base, of acid, what, i 221 
Basis, in dyeing, what, ii 183 
Bourne's hydrometer, degrees of, re- 
duced to the common standard, ii 
402 
Bell metal, ii 83, 101 
Benzoate, use of as a test, ii 320 
Benzoic acid, ii 167 

use of as a testi ii 320 
mode of ascertaining the 
purity oi\ ii 369 
Bi-carbonatc of lime, i 250 

potash, i 242, 243 
soda, i 244 
ammonia, 1246 
Bi-chloivde, ii 11 
Bi-phosphate, ii. 7 
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Bi-phosphureted hydrogen gas, bow 
procured, ii 14 

properties ofj ii 15 
Busulphate of potash, i 273 
Bi-tartrate of potash, ii 165 
Bile, resin of, ii 269, 270 
of the ox, ii269 
peculiar matter in, ii 270 
yellow matter of, ii 272 
component parts of, ii 270, 273 
of other animals, ii 270 
human ii 271, 272 
Bile, calculi of, ii 272 
Binoxalate of potash, ii 153 
Bismuth, properties of, ii 111 
oxide of, ii 111 
action of acids on, ii 112 
sulphuret of, ii 112 
alloys of, ill 13 
its fumes destroy the ductility 

of gold, ii 113 
analysis of ores of, ii 351 
Bismuthane, ii 47, 112 I 

Bitter principle, ii 191 

artificially formed, ii 192 
Bitumen, elastic, ii 198 
Bitumens, ii 196 

Black dye, for animal substance's, ii 63 

vegetable substances, 
ii 185 
Blactfs furnace, i 29 
Black-lead, ii 94 

analysis of, ii 349 
Bleaching, i 130, 360 
Blende, ii 109 

phosphorescent, ii 110 
Blood absorbs oxygen, i 128 
appearances of, ii 257 
• coagulation of ii 257 

serum of, ii 258 
serosity of, ii 258 
crassamentum of, ii 260 
fibrin of, ii 260 
red globules of, ii 260 
its colour not owing to iron, ii 

261, 263 
its colouring matter maybe em- 
ployed as a dye, ii 261, 262 
action of gases on, ii 263 
effects of respiration on, ii 263, 
 264 
acts on the air through .the 

skin, ii 265 
its uses in the animal economy, 
ii 266 
Blow-pipe, i 35 

with oxygen and hydrogen, 
i!43 
Boa constrictor, excrement of the, i 
289 



Boiling point, i95, 96 

varied by pressure, i 96 
of different substances, 
ii,406 
Boletic acid, ii 168 ' 
Bolognian phosphorus, i 277 
Bones, ii 295 

distillation of, ii 295 
analysis of, ii 296 
Boracic acid, mode of obtaining, ii 16 
properties of, ii 16 
decomposition of, ii 17 
component parts of, ii 

18 
saline compounds of, ii 
18 
, compound of fluoric 
with, ii 21 
test of, ii 322 
mode of ascertaining 
the purity of, ii 368 
Borate of soda, ii 18 

mode of ascertaining 
the purity of, ii 373 
Borax, ii 18, 373 
Boron, ii 17 * 

Boyle's fuming liquor, i 295 
Braconnot, acid discovered by, ii 169 
Brain, analysis of the, ii 302 
Brass, ii 83 
Brazil wood, as a dye, ii 1 85 

infusion of, as a test, ii 
310 
Bronze, ii 83, 102 
Brooke's blow-pipe, i 35 
Broth, ii 299 
Butter, ii 274 

of antimony, ii 116 
bismuth, ii 112 
zinc, ii 110 



Cabbage, red, acid tincture of, as a 

test, ii 310 

Cadmium, ii 435 

Cajeput oil, ii 181 

Calamine, ii 109 

Calcium, i 212 

Calculi, urinary, ii 247, 289 

varieties of, ii 290, 
295 

biliary, ii 272 
Calico-jtrinting, ii 185 
Calomel, ii 69 

mode of ascertaining its pu- 
rity, ii 374 
Caloric, general observations on, i 72 
repulsive, i 73 
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Caloric? expands bodies, i 75, 78 

tends to an equilibrium, i 76 
moves immeasurably quick 

in all directions, i 76 
conducting* power of bodies 

for, i 76 
effects in which it loses its 
distinguishing properties, 
\77 
absorbed in liquefaction, i 

77 
given out by increasing the 

density of bodies, i 77 
not chemically combined 

when latent, i 77 
capacity for, i 77 , 105 
absolute quantity of, i 78 
tends to an equilibrium, i 

85 
its motion, i 85 
reflection of, i 86, ii 30 
refraction of, i 87 
absorption of, i 88 
conductors of, i 88 ii 31 
the cause of fluidity, i 92 
given out by liquids on be- 
coming solid, i 94 
evolved during the separa- 
tion of a salt from its solu- 
tion, i 95 
the cause of vapour, i 95 
its particles repulsive, i 97 
absorbed in evaporation, i 

98 
evolved during the conden- 
sation of vapour, i 100 
the whole quantity in a body 
cannot be measured, i 101 
chemically combined in gas- 
es, i 118 
evolved from gases by me- 
chanical pressure, i 118, 
119 
generally absorbed during 
solution, i 154, 155 
charcoal, a very slow Con- 
ductor of, i 231 
admeasurement and effects 

•f, ii 403 
table of effects of, ii 405 
expansion of air by, ii 409 
liquids by, ii 

410 
water by, ii 410 
solids by, ii 411 
glass by, ii 411 
specific, tables of, ii 415 
free, i 74, 79 
Caloric, latent, i 77, 92 



Caloric, latent, apparatus for showing 
the most important 
facts respecting, i 
367 
of fluidity, i 92, 93 
radiant, i 76, 86 
specific, i 105 
Calorimeter, i 93 
Camphor, ii 173 

acidification of, ii 173 
artificial substances resem- 
bling, ii 173 
Canton's phosphorus, i 287 
Caoutchouc, ii 180 

preparation of ether for 
dissolving, ii 217 
soluble in cajeput oil, ii 

181 
mineral, ii 198 
Carbon, i 228 

combustion of, i 231, 343 
gaseous oxide of, i 252 
combination of hydrogen 

with, i 254 
compound of chlorine with, 

i343 
sulphuret of, i 296 
phosphuretof, ii 2 
Carbonates, i 239 

tests of, ii 322 
Carbonate of alumine, i 252 
ammonia, i 244 
barytes, i 247, 276, ii 

363 
copper, ii 79 
glucine, i 252 
iron, ii 92 
lead, ii 107 
lime, i 249 
lithlna, i 195 
magnesia, i 251; ii 378 
potash, i 239, 242 . 
soda, i 243 
strontites, i 249 
yttria,i252 
zircon, i 252 
Carbonic acid, i 233 

composition of, i 233 
method of procuring* 

i235 , • 

properties of, i 235 
generated in several 
cases of combustion, 
i237 
tests of, ii 322 
gas, quantity of, ab- 
sorbed by wa- 
ter, i 152, 236 
- method of pro- 
curing, i 235 
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Carbonic acid gas, properties of, i 235 

weight of, i 236 
its effects on ve- 
getation, i 239 
oxide, quantity of, absorbed 
by water, i 152 
its combination with 
chlorine, i 343 

Carbonous oxide, i 252 

' method of procur- 
ing, i 252 
properties ofj i 253 

Carbo-sulphurets, i 296, 298 
Carburets, ii 48 

of iron, ii 94 
of nitrogen, i 260 
Carbureted hydrogen, quantity of, ab- 
sorbed by 
water, i 1^2 
* several varie- 

ties of, i 254 
method of pro- 
curing, i 254 
255 
combustion of, 
i 255, 256 

specific gravity 
of, i 120, 255 

combination 
of chlorine 
with, i 58 

Carmine, how made^ii 185 

Cartilage, ii 298 

CassUis, purple powder of, ii 54 

Castor, ii 243 

Catechu, ii 186 

Caustic, lunar, ii 63, 376 

Carok, 12S1 

Cerasin, ii 147 

Cerium, ii 140 

how procured, ii 140 
action of acids of, ii 141 
analysis of ores of, ii 353 
Ceruse. See White Lead. 
Cetic acid, ii 244 
Chain of cups, galvanic, i 161 
Chalk, i 250 

Chameleon mineral, ii 131 
Charcoal, i 228 

how obtained, i 229 
quantities afforded by dif- 
ferent kinds of wood, i 229 
its properties, i 229 
imbibition of gases by, i 230 
resists putrefaction, i 231 
a slow conductor of caloric, 

i231 
why it makes tiie best iron/ 
y94 



Charcoal, how prepared fof making 
gunpowder, ii 182 
See Carbon. 
Cheese, ii 275, 276 
Chemical laboratory, i 27 

elements, new system of, i 46 
, apparatus, i 28 
affinity, i 36, 44 

how exerted, i 45 
causes that modify 

its action, i 55 
if not modified, 
would unite bo- 
dies in all propor- 
tions, i 60 
unites atoms in sim- 
ple proportions 
only, i 47 
estimation of its 

forces, i 62 
experimental illus- 
trations of, i 68 
action, i 44 

its general effects, r 

45 
of compounds the 
result of the affi- 
nities of their ele- 
ments, i 60 
will not take place 
without solution, i 
68,69 
does not take place 
at a perceptible 
distance, i 70 
equivalents, table of, ii*420 
Chemistry, distinguished from natural 
philosophy, i x. 
defined, i x. 

utility of its study as a sci- 
ence, i vi — xvi. 
modes of teaching, i xxiii x. 
classification of the objects 

of, i xxiii, xxiv. 
new doctrines and nomen- 
clature of, i 225, 228, 328. 
329 ; ii35 
economical, i xx. 
Chlorates, i 355 

of ammonia, i 358 
barytes, i 359 
lime, i 360 
potash, i 355 
soda, i 358 
strontites, i 360 
Chloric ether, ii 216 
acid, i 339 

how procured, i 339 
properties of, i 339 
Chlorides, ii 11 
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Chlorides, of silver, ii 62 
lead, ii 106 
lime, ii 438 
Chlorine, i 330 

combined with oxygen, i 337 
341 

nitrogen, i 341 
hydrogen, i 

330 
metals and 
their oxides, 
i. 342, 345, 
U39 
per-oxide of, i 

338 
carbon and its 
compounds, i. 
343 

sulphur and its 
compounds, 
i. 344 
tin, ii 100 
phosphorous, 

ii 11 
action of io- 
dine on, ii 

its action on gold, ii 47 

copper, ii 82 
Chlorine gas, i 128 

how formed, i 128 
its properties, i 129 
its weight, i 129 
absorbable by water, i 

130 
will combine with vari- 
ous other bodies, i 130 
Chloriodates, ii 26 
ChloriocHc acid, ii 26 
Chlorophane, i 110 < 
Chloruret of iodine, ii 27 
Chlorures or Chhrurets, i 346 ; ii 47 

table of the 
composition 
of several, ii 
47 
Chrome, ii 132 

analysis of ores of, ii 353 
Chromic acid, ii 132 
Chyazic acid, ferrureted, ii 254 

sulphureted, ii 255 
Chyle, ii 276 
Cinnabar, ii 70 ^ * 

mode of ascertaining its 
purity, ii 376 
Citrates, alkaline, ii 158 
earthy, ii 158 
metallic, ii 159 
Citric acid, process for obtaining, ii 
156 



Citric acid, properties of, ii 156, 157 
combinations of, ii 158, 159 
Clyssus of nitre, i 320 
Coke, ii 199 

Coal, quantity of, required for the 
evaporation of water, i 100 
varieties of, ii 199 
analysis of, ii 347 
Coal-mines, fire damp of, i 258 
Coating for retorts, i 33 
Cobalt, method of obtaining, ii 124 
properties of, ii 125 
oxides of, ii 125, 126 
solutions of, ii 126 
alloys of, ii 127 
analysis of ores of, ii 351 
Cocculus indicus, peculiar principle 

of, ii 203 
Cochineal, ii 185, 186 
Coffee, ii 192 
Cohesive affinity, i 37 

methods of over- 
coming, i 38, 73 
Cold, artificial methods of producing, 

i 93, 94 ; ii 412, 414 
Coldshort, ii 91 

Collar joint for uniting long or crook- 
ed tubes, i 367 
Colouring matter, ii 182 
Colours changed by chemical action, i 
46 
of metals changed by combi- 
nation of them, ii 50 
vegetable, destroyed by chlo- 
rine gas, i 129 
destroyed by charcoal, i 231 
substantive and adjective, ii 
183 
Columbium, ii 138 

the same as tantalium, ii 

139 
analysis of ores of, ii 353 
Combination alters the properties of 

bodies, i 44, 71 
Combustible bases, compounds of oxy- 
gen with, i 225 
Combustion in oxygen gas, i 125 

consumes oxygen, i 126 
increases the weight of bo- 
dies, i 127 
acids are supporters of, i 

225, 227 ; ii 34 
spontaneous, ii 92, 172 
Compounds, their chemical action the 
result of the affinities 
of their parts, i 60 
Conductors of caloric, i 88, 89 
Congelation, artificial, i 93, 94 ; ii 412 
Cooling, rate of, varied by different 
| circumstances, i 85, 87 
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Copper, method of purifying, ii 77 
properties of, ii 77 
oxides of, ii 41, 77 
sulphates of, ii 78 
sub-sulphate of, 79 
sulphite of, ii 79 
sub -carbonate of, ii 79 
nitrate of, ii 80 
hydro-oxide of, ii 80 
sub-nitrate of, ii 81 
per-muriate of, ii 81 
pro-mutate of, ii 81 
action of chlorine on, ii 82 
acetate of, ii 82, 223, 226, 

377 
siilphuret of, ii 82 • 

phosphuret of, ii 83 
combination of ammonia with, 

ii 83 
alloys of, ii 83 
ferro-prussiate of, ii 82 
arsenite of, ii 122 
analysis of ores of, ii 349 
mode of detecting, ii 364 

Cork and its acid, ii 195, 196 
Corrosive sublimate, ii 69 

mode of disco- 
vering, ii 362, 
364 
method of ascer- 
taining its pu- 
rity, ii 374 

Cotton-mills, probable cause of fires 

in, ii 172 
Cream, ii 274 

of tartar, ii 166 

mode of ascertaining 
its purity, ii 372 

Grocas metallorum, ii 116 
Crucibles, i 29 

platinum, ii 59 
Cryophorus, i 104 
Crystallization, i 39, 69 

water of, i 29, 227 

Crystals, structure of, i 39, 43 

Cupel, ii 104 

Cupellation, ii 104 

Cupelling furnace, i 28, 

Cuprane, ii 82 

Cupranea, ii 82 

Curd, ii 275 

Cuticle, ii 300 

Cyanides, i 261 

Cyanogen, i 260 . 

how obtained, i 260 
its properties, i 260 

Cyanures, i 261 
Cystic oxide, ii 293 

Vot. I— D* 



D. 

Dalton, Mr. his new system of chemi- 
cal elements, i 47 
Decanting jar, i 34 

Decomposition, effected by galvanism, 

i 166, 170 
simple, i 54 
Decrepitation, i 228 
Deliquescence, i 39, 228, 242 
Deoxidizing power of light, i 108 
Detonating powders, i 321, 357, 358; 

ii 53, 64, 68, 80 
Deutochlorate of mercury, ii 70 
Deutoxides, ii 40 
Diamond, pure carbon, i 229 

combustion of the, i 232 
Differential thermometer, i 81 
Digestion, secretions subservient to, u 

266 
Dilatation, See Expansion. 
DippeVsoR, ii296 
Distillation, leaden worms improper 

for, ii 364 
Ductile metals, ii 31 
Dutch gold, ii 83 
Dyeing, art of, i xxi ; ii. 182 

colouring matter of blood may 
be employed in, ii 262 

E. 

Earths, i 204 ; ii 330, 331 

classification of, i 205 
compounds of metallic bases 

with oxygen, i 205 
dissolved by carbonic acid* 

tests of, ii 332 
examination of, ii 335 
means of separating, ii 346 
Ear-wax, ii 243 
EJlorescence, i 39, 58, 243 

its influence on chemical 
affinity, i 58 
Egg-shells, ii 298 
Egg, white of. See Albumen. 
Elain, ii 246, 247 
Elastic gum. See Caoutchouc. 
Elasticity, its effect on chemical affi- 
nity, i 58, 60, 67 
increased by caloric, i 73 
of metals, ii 31 
Elecampane, peculiar substance from, 

ii 201 
Elective affinity, i 54, 65, 71, 72 
Electricity, chemical agencies of, i 
157, 164 

theory of, i 157, 171 

I Electric spark, colour of, i 123 
Electro-motion, i 174 
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Elements, chemical, defined, i 45 

new system, of, i 47 
Emetin, ii 204 
Emulsions, ii 170 
Enamelling furnace^ 1 28, 
Epidermis, ii ^00 

Epsom salt. See Magnesia, sulphate of. 
Equivalents, chemical table of, ii 420 

mode of as- 

certaining 

ii 421, 423 

Essential oils, ii 172 

Ether, solution of phosphorus in, ii 16 

t gold in, ii 54 
platinum in, ii 58 
methods of preparing, ii 214, 

215 
properties of, ii 217, 219 
purification of, ii 217 
analysis of, ii 219, 221 
mode of ascertaining its purity, 

ii 378 
acetic, ii 216 
chloric, i ii 216 
fluoric, ii 216 
muriatic, ii 215 
nitric, ii 215 
phosphoric, ii 216 
pyro acetic, ii 224, 227 
, sulphuric, ii 214 
Ethiops mineral, ii 70 

mode of ascertaining 
its purity, ii 376 
per se, ii 66 
Euchlorine, i 337 

action of iodine on, ii 27 
Eudiometer, Berthollet's, i 134 
Dalton's, i 307, 308, 
Guyton's, i 135 
Hope's, i 136, 312, 
PepysV i 136 
Seguin's, i 134 
Voltas,il40, 
with nitrous gas, i 307, 
solution of nitrous gas 

and iron, i 311 
sulphuret potash, i 
135 
Evaporating furnace, i 28, 

vessels, i 29, 30; ii 325 
Evaporation occasioned by caloric, i 

32 
Expansion, i 75, 79 
Extract, vegetable, ii 144 
Eye, humours of the, 280 



F. 



Far<na. See Starch* 
Fat of animals, ii 245 



Fat of animals, oxygenated, ii 245 

Feathers, ii 301 

Fecula, vegetable. See Starch, 

Fermentation, vinous, ii 205 

Ferrane, ii 47, 88 

Ferranea, ii 47 

Ferro-prussiate of iron, ii 88 

potash, ii 19 

its, use as a 
test, ii 317 
copper, ii 89 
Ferro-prussic acid, ii 255 
Ferrureted chyazic acid, ii 255 
Fibre, woody, ii 1$L 
Fibrin, ii 237 

of the blood, ii 260 
Filters, cautions in using, ii 308 
Finery cinder, ii 84 
Fire produced by compressing air, i 

118 . 

Fire-damp of coal mines, i 258 
Fire--works without smell or smoke, i 
138 
nitrate of soda recommend- 
ed for, i 324 
Fishy scales of, ii 300 
Fixed oils, ii 170 
Flesh of animals, 237 299 
Flints, i 214 

liquor of, i 215 
Flowers of sulphur, i 262 
Fluate of ammonia, ii 313 
Fluidity, caused by caloric, i 92 
Fluids of the various cavities of the 

body, ii 280 
Fluoboric acid, ii 21 
Fluoric acid, mode of obtaining, ii 19 
subsilicated, ii 19 
hydro-fluoric, or liquid, 

ii 20 
nature of, ii 20 
compounds of, ii 21 
compound of the boracic 

with, ii 21 
gas, mode of obtaining, ii 

19 
never pure, ii 19 
decomposed by potas- 
sium, ii 12 
ether, ii 216 
Fluorine, ii 21 
Flux, black, ii 120, 354 

white, ii 354 
Fluxes, ii 39, 354 
Formic acid, ii 256 
Fossils (inflammable), analysis of, ii 

347 
Freezing points of liquids, ii 405 
mixtures, ii 412, 414 
apparatus, i S6T 
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Frigorijic mixtures, tables of, ii 412 

414 
Frost-bearer, i 105 
Fulminating gold, ii 53 

mercury, ii68 
platinum, ii 59 
powder, i 321 
silver, ii 64 
Fuming liquor, Boyle's i 295 

Libavius's, ii 100 
Fungm, ii 202 
Furnaces, chemical, i 28 

Aikfa's portable blast, i 368 
Knot's portable, i 28, 369 
wind, i 58, 373 
reverb eratory i 372 
cupelling or enamelling i 28 
portable, i 28 
Black's portable, i 29 
Chenevix's wind, i 373 
general remarks on, i 373 
Fusion, i 76, 92 

watery, i 39 
Fusible metal, ii 113 
FusHc, ii 185 



G. 



Galena, ii 108 
Gallate of iron, ii 90, 160 
Gallic acid, methods of obtaining, ii 
159 
characters of, ii 160 
Galls, tincture of, as a test, ii 310 

used as a test in substance, ii 
311 
Gallstones, ii 272 

a valuable pigment, ii 272 
Galvanic arrangements, construction 
of i 158 
battery, i 159 
circle, i 159, 160 
pile, i 157, 160 

theory of the action of 

i 173 
apparatus, i 158 
Galvanism, i 157 

excitement of i 157 
effects of,i 161, 164 
its similarity to electricity, 

il63 
chemical agencies of, i 164 
theory of the changes pro- 
duced by i 171 
Gases, what, i xxiv 

effect of caloric on, i 73 
expansion of by heat, i 79 
manner in which they conduct 

heat, i 89 
apparatus for experiments on, 
i 111 



Gases, method of weighing, i 115 

transferring, i 117 
caloric chemically combined 

in, i 159 
give out their latent heat by 
compression, i 114, 141, 143 
their bulk inversely as the 

pressure on them, i 119 
table of the specific gravity of, 

H20 
specific heat of, i 120 
capable of being absorbed by 
solid bodies, possessing po- 
rosity, i 121 
are absorbed by liquids, i 122 
colour of the electric spark 
transmitted through diffe- 
rent, i 123 > 
become thoroughly mixed un- 
der all circumstances, i 144 
quantities of, absorbed by wa- 
ter, i 152 
absorption of, by charcoal, i 

230 
genera] law of their union, i 

299 
rules for reducing to a given 
pressure and temperature, ii 
397 
apparatus for procuring, i 364; 
receivers for, i 361, 374 
Gas-holder, i 113 
Gas, ammoniacal, i 195 

arsenurated hydrogen, ii 123 
azotic, or nitrogen, i 130 
bi-phosphureted hydrogen, ii 14 
carbonic acid, i 235 
carbonous oxide, i 252 
carbureted hydrogen, i 254 
chlorine, i 128 
euchloric, i 337 
fluoboric acid, ii 21 
hydriodic acid, ii 24 
hydro-carbureted, i 257 
hydro-phosphoric, ii 14 
hydrogen, i 137 
hydro-zincic, ii 109 
muriatic acid, i 331 
nitric acid, i 302 
nitric oxide, i 306 
nitrogen, i 130 
nitrous, i 306 
nitrous acid, i 316 
nitrous oxide, i 312 
olefiant, i 255 
oxygen, ii 104 
oxymuriatic acid. See Chlorine 

gas* 
percarbureted, or bi-carbureted 

hydrogen, i 257 
phosgene, i 344 
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Gas, phosphureted hydrogen, ii 14 
potassureted hydrogen, i 190 
prussic acid, ii 252 
silicated fluoric, ii 19 
sulphureted hydrogen, i 289 
sulphurous acid, i §70 
tellureted hydrogen, ii 118 
new one, discovered .by Dr. 
Thomson, ii 436 
Gases, specific heats of several, ii 415 
Gastric juice, ii 268 
Gazometer, i 113 

mercurial, i 114 
Gelatine, method of obtaining, ii 629 
properties of, ii 229. 230 
tests of, ii 230 
decomposition of, ii 231 
Gems, preparation of sulphur for tak- 
ing impressions from, i 262 
Gilding of steel, ii 54 
Glass, how made, i 215 

decomposed by hydro-fluoric 

acid, ii 20 
tinged blue by zaffre, ii 127 
expansion of, by heat, ii 411 
of antimony, ii 116 

mode of ascertain- 
ing its purity, ii 
373 
Glauber's Salt. See Sulphate of Soda. 
Glucine, attempt to decompose, i 206 
method of obtaining it, i 219 
its properties, i 220 
carbonate of, i 252 
sulphate of, i 283 
nitrate of, i 327 
muriate of, i 354 
Glucinum, i 220 
Glue, ii 229 
Gluten, animal, ii 237 

vegetable, ii 179 
Gold, malleability of, ii 31 
ductility of, ii 31 
physical qualities of, ii 51 
chemical qualities of, ii 52 
oxides of, ii 41, 52 
fulminating, compound of, ii 53 
precipitates of, ii 54, 55 
solution of, in ether, ii 55 
solvents of, ii 52 
sulphuret of, ii 55 
phosphuref of, ii 55 
purification of, 55 
alloys of, U 55, 
fineness of, >i^ 55 
its colour destroyed by palladi- 
um or. platinum, ii 74 
imitations of, ii 83 
its ductility destroyed by being 
kept in fusion near melted bis- 
muth, ii 113 



Gold, analysis of ores of, ii 349 
Golden sulphur of antimony, ii 116 
Goulard's extract, use of, as a test, ii 

206, 230, 232 
Gravel, urinary, ii 247 
Gravitation, i 36 
Gravity, specific, of gases, i 120. 

of solids and fluids, 

ii 399, 401 
rules for calculating 
absolute weight 
from, ii 401 
of matures of alco- 
horand water, ii 
208 
of mixtures of sul- 
phuric acid and 
water, i 266 
of mixtures of ammo- 
nia and water, 198 
Green, Scheele's, ii 122 
Guaiacum, ii 174 
Gum, ii 146 

British, u 178 
elastic, ii 180 
Gum-resins, ii 174 
Gun-metal, ii 83 

Gunpowder, sulphur may be burned 
out of, without inflam- 
ing it, i 263, 264 
composition of, i 321 
peculiar kind of, i 358 
preparation of charcoal, 
for, ii 182 
Gypsum, i 279 



H. 



Hahnemann's wine test, ii 365 

Hair, method of staining it black, ii 63 

analysis of, ii 301 
Harronogate water, i 289 ; ii 325 
Hartshorn, spirit of, mode of ascertain- 
ing its purity, ii 371 
Heat. See Caloric. 
Hepavs, i 287 

Hiccory, wild American, ii 185 
Homberg^s pyrophorus, i 282 

inflamed by 
nitrous gas, 
i307 
phosphorus, i 353 
sedative salt. See Boracic 
Add. 
Honey, ii 151 

stone, ii 199 
Hoofs, ii 300 
Hordeiriy ii 176 
Horn, ii 298 
HornJead, ii 106 
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Born-silver, ii 61 

House-leek, malic acid obtained from, 

ii 161 
Humour 8 of the eye, ii 280 
Hydrate, what, i 174; ii 42 
of alumine, i 271 
cobalt, ii 126 
copper, ii 80 
iron, ii 85, 86 
lead, ii 104 
lime, i 212 
magnesia, i 213 
nic|el, ii 97 
potash, i 179 
soda, i 179 
tin, ii 136 
Hydriodates, ii 24 
Hydnoiic acid, ii 24 
Hvdro- carburet, i 257 
Hydro -chlore, i 346 
Hydro-chlorates, i 346 
Hydro-cyanatesi ii 253 
Hydro-cyanic acid, ii 253 
Hydro -fluoric acid, ii 20 
Hydrogen, probably metallic, i 138, 
201 
compounds of metals with, 
ii 43, 118, 123 
Hydrogen gas, i 137 

method of procuring, i 

138 

its properties, i 138, 139 

burned under a tube 

produces a musical 

sound, i 142 

caution with respect to 

firing, i 142, note 
explodes by compres- 
sion with oxygen, i 
142 
weight of, i 120 
with oxygen, forms wa- 
ter, 145 
quantity of, absorbed 
v by water, i 152 

an acidifying principle, 

i 234; ii 23, 24 
combination of chlorine 

with, i 330, 244 
forms an . acid gas with 
iodine, ii 23 
, oxide of, ii 28 

combines with some 

metals, ii 43 
solution of zinc in, ii 109 
arsenureted, ii 123 
carbureted, i 254 
bi-carbureted, i 257 
per-carbureted, i 257 



Hydrogen gas, phosphureted, ii 13 

bi-phosphureted, ii 14 
potassureted, i 190 
sulphurated, i 288 
union of alkalies 
and earths with, 
i291 
super-sulphureted, L 

293 
tellureted, ii 118 
sulphurated, compounds 
of, with oxides, ii 45 
with metals, ii 46 
liquid. See 
Sulphuret of 
carbon. 
Hydrogureted, sulphur, i 294 

sulphurets, methods of 
forming, i 294, 295; ii 
46 

properties of, i 295 
of metals, ii 46 
Hydroiomc acid, ii 24 
Hydrometer, Baume's, degrees of, re- 
duced to the common standard, ii 
402 
Hydro-nitric acid, i303, 305 
Hydro-oxides, ii 42 
Hydro-oxide of cobalt, ii 126 
copper, ii 80 
' iron, ii 85 
Hydro-phosphoric gas, ii 14 
Hydro-sulphurets, i 291 293 

alkaline, tests of 
lead, ii 107 

blacken glass, 
U108 
Hydro-sulphuret qf ammonia,! 293; ii 

321 
j barytes, i 293 

| lime, i 293 ;ii 322 

magnesia, i 292 
potash, i 292 
soda, i 293 
strontites,i293 
zinc, ii 110 
Hydro-sulphureted oxides, ii 45 
Hydro-thiomc acid, i 290 
Hydroosures, ii 42 

of lime, \ 212 
Hydro-zincic gas, platinum fused by 

the combustion of, ii 109 
Hydruret of potassium, i 1 91 
tellurium, ii 118 
Hygrometer, i 153 
Hygrometric water, i 154 
Hyper-oxymuriates, i 355 
Hypo-phosphites, ii 10 
I Hypo-sulphurous acid, i 2?2, 285, 287 
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Ice, quantity of caloric absorbed in 
the liquefaction of, i 92, 93 
lighter than water, i 156 
In&go, ii 183, 193 
Indigogene, ii 184 

Inflammable fossils, analysis of, ii 347 
Ink, ii 90, 185 

that is not easily destructible, ii 
91 
Inks, sympathetic, ii 81, 90, 107, 112, 

126 
Insolubility, i 57 
Ioulin, ii 201 
Iodatet, ii 26, 27 
Iodic acid, ii 26, 27 
Iodides, ii 25, : 8 
Iodine, discovery of, ii 22 
properties of, ii 23 
action of various gases on, ii 23 
forms an acid gas with hydro- 
gen, ii 23 
sulphuret of, ii 25 
phosphuret of, ii 25 
action of alkalies on, ii 25, 26 
forms an acid with oxvgen, ii 

26 
combines with nitrogen, ii 26 

metals, ii 47 
forms an acid with chlorine, ii 

26 
action of euchlorine on, ii 27 
nature of, ii 28 
source of, ii 28 

starch, a delicate test of, ii 29 
lodures, or Iodtrets, ii 25, 28, 47 

of starch, ii 179 
Ipecacuanha, emetic principle of, ii 

204 
Iridium, ii 74 

oxides of, ii 41 
analysis of ores of, ii 354 
Iron, solutions of, precipitated by ex- 
posure to air, ii 38 
properties of, ii 114 
oxides of, ii 41, 83, 85 
hydrates of, ii 85, 86 
sulphate of, ii 86, 87 

its use as a test, ii 

314 
mode of ascertain- 
ing its purity, ii 

oxy-sulphate of, ii 87 
sub-sulphate of, ii 86 
sulphite of, ii 87 
nitrate of, ii 87 
muriate of, ii 87, 88 
compound of chlorine with, ii 88 



Iron, ferro-prussiate of, ii 88 
gallate of, ii 90 

tannate of, ii 90, 118 ' 

cold short, ii 91 
phosphate of, ii 91 
oxy-phosphate of, ii 92 
succinate of, ii 92, 175 
acetate of, ii 92 
carbonate of, ii 92 
combination of sulphur with, ii 
92 

sulphuret of, i 365 ; ii 92 
supersulphuret of,.ii 93 
combination of carbon with, ii 93 
cast, or crude, ii 94 
malleable, or bar, ii 94 
why wood-charcoal preferable 
in the manufacturing of, ii 94 
alloys of, ii 95 
tinning of, ii 95, 102 
welding of, ii 57 (note §) 
its use as a test, ii 314, 315 
tests of, ii 92, 322 
analysis of ores of,ii 350 

Iron-moulds, ii 90, 91 

Isinglass, ii 229 

Ittria. See Tttria. 

Ivory, method of covering with silver, 
ii 63 

J. 

Jelly, animal. See Gelatine. 

vegetable, ii 148 
Joints, fluid in the cavities of the, ii 
282 

K. 

Kermes mineral, ii 116 
Kvnic acid, ii 170 
Koumiss, ii276 

Laboratory, i 27 

Lac, contains wax, ii 190 

Laccic acid, ii 168 

Lactic acid, ii 249, 276 

Lakes, how obtained, ii 185 

Lamp for chemical purposes, i 39 

Lamp -black, ii 296 

Lard, u 245 

Latent heat, i 77, 92 

Lead, method of purifying, ii 102 

properties of ii 102 

oxides of, ii 41, 103 

hydrate of, ii 104 

purification of gold and silver, 
by, ii 104 

mode of procuring oxygen from 
oxides of, ii 104 
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Lead, danger of keeping water in, ii 
1U4, 364, 365 
not soluble in sulphuric acid, 

ii 105 
sulphate of, ii. 105 
nitrate of ii 105 

its use as a test, ii 316 
nitrite of, ii 106 
sub -nitrite of, K 106 
muriate of, ii 106, 350 
chloride of, ii 106 
carbonate of, ii 107, 

mode of ascertain- 
' ing its purity, ii 

377 
acetate of, ii 107, 226 

its use as a test ii 

316 
mode of ascertain- 
ing its purity, ii 
377 
remedy against, ii 
365 
sub-acetate of, ii 107, 226 

its use as a test, 
206, 230, 234 
236 
tests of, ii 1J7, 364, 366 
phosphate of, ii 6, 108 
sulphuret of, ii 108^ 
hydro-sulphuret of ii 325 
saccharate of ii 150 
analysis of ores of, ii 350 
method of detecting, ii 364 

in wine, U 
365 
soluble in water, ii 364 
Leaf-gold, ii 31 

Lemon*, acid oi, ii 156 See Citric Acid. 
Libavius, fuming liquor of, ii 100 
Life, supported by oxygen gas, i 128 

136 
Ligaments, ii 300 

Light, chemical effects of, i 107, 331 
reflection of, by metals, ii 30 
Iignin, ii 181 
IJme, analysis of, i 210 

properties of, i 211 
hydrate of, i 212 
milk or cream of, i 211 
base of, i 212 
carbonate of, i 249 

tests of, ii 323 
does not attract carbonic acid 

gas when dry* i 249 
subcarbonates of, i 250 
sulphate of, i 278 

tests of, ii 323 
sulphite of, i 286 
. ' sulphuret of, i 287 
hydrosulphuret of, i 293 



Lime, hydrosulphuret of, tests of, ii 
322 
hydrogureted sulphuret of, i 

nitrate of, i 326 
muriate of, i 352 

as a test, ii 323 
oxymuriate (chloride)of, ii 438 
chlorate or hyper-oxymuriate 
of,i360 

useful in bleaching, i 360 
phosphate of, ii 7, 8 
phosphuret of, ii 12, 13 
tungstate of, ii 135 
oxalate of, ii 154 
citrate of, ii 159 
acetate of, ii 225 
' prussiate of, as a test, ii 317 
teats of, ii 154, 322 
mode of determining the pu- 
rity of, ii 385 
Hone, i 250 
water, i 212 

use of, as a test, ii 314 
liquefaction, i 77, 92 
Liquids, expansion of, by heat, i 79 
manner in which they con- 
duct heat, i 89 
give out heat on becoming 

solid, i 95 
absorb gases, i 122 
freezing points of, ii 405 
; boiling points of, ii 406 
table of the expansion of, 

by heat, ii 410 
specific heat of several, ii 

415 
tube for dropping, i 364 
, bottle for ascertaining spe- 

cific gravity of, i 3o4 
liquor of surfaces, ii 280 
Ltthia, or Lithina, discovery of, i 193 

its properties i 194 
acetate of, i 195 
carbonate of, i 195 
muriate of, i 195 
nitrate of, i 195 
sulphate of, i 195 
tartrate of, i 195 
Lithic acid, ii 247 
IJthion, ii 194 
Litmus, infusion of, ii 308 

its use as a test, ii 

309 
reddened by vine- 
gar, as a test, ii 
310 
Liver of antimony, ii 116 

sulphur, i 2&7 
Loaf sugar, preparation of, ii 149 
Lima cornea, ii 61 
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Lunar caustic, ii 63, 3/6 

Lutes, i 32 
Lymph, ii 282 

M. 

Madder, ii 185 

lake from, ii 185 
Magistevy of bismuth, ii 112 
Magnesia, analysis of, i 213 
properties of, i 213 
hydrate of, i 213 
base of, i 213 
carbonate of, i 251 

mode of as- 
certaining its 
purity, ii 378 
sulphate of, i 279 

mode of ascer- 
taining its puri- 
ty, ii 372 
sulphite ef, i 286 
nitrate of, i 326 
muriate of, i 353 
oxalate of, ii 154 
citrate of, ii 158 t 
acetate of, ii 226 
tests of salts of, ii 323 
mode of ascertaining its pu- 
rity, ii 378 
Magnesium, i 213 

Malic acid, methods of obtaining, ii 
161 
properties of, ii 161 
the same with the sorbic 
acid, ii 435 
Malleability, ii 31 
Maltha, ii 198 
Jlfalting, converts starch into sugar, ii 

176 
ManganeBone, ii 47, 130 
Manganese,meihod of obtaining, ii 127 
properties of, ii 127 
oxides of, ii 42, 127 
action of acids on, ii 129 

130 
gives a violent tinge to 
borate of soda, ii 130 
compound of its oxide 
with potash gives dif- 
ferent colours with 
water, ii 131 
sulphuret of, ii 131 
sulphureted oxide of, ii 

132 
alloys of, ii 132 
acetate of, ii 226 
analysis of ores of, ii 352 
mode of ascertaining 

the purity of, ii 384 
solvent of, ii 384 



Manna, ii 151 

Manufactures, application of chemis- 
try to, ii 379 
Marble, i 250 # 
MargariHc-SiCid, ii 246 
Marls, analysis of, ii 3$7 
Massy meaning of, as used by Berthol- 
let, i56 
 its influence on chemical affi- 
nity, i 56, 173 
Massicot, ii 103 

Matches for procuring instantaneous 
light, i 357 note 
phosphoric, ii 16 
Matrass, i 34 

Measures, English reduced to French, 
ii 394 
Swedish, ii 390 
old French, ii 391 
modern French, ii 396 
ounce, of Dr. Priestley, re- 
duced to French and Eng- 
lish cubic inches, ii 397 
Mechanical division, influence of, on 
affinity or solution, i 69 
pressure, influence of, on 
chemical affinity, i 59 
Medicine, application of chemistry to, 

i xix 
Melasses, ii 149 
MelliUte, ii 199 
MelUtic acid, ii 200 
Melting points of solids, ii 405 
Membranes, ii 300 
Mercurial trough, i 114 
Mercury, congelation of, i 94 ; ii 66 
combination of, with potas- 
sium, i 188 
combination of, with sodi- 
um, i 193 
combination of, with am- 
monium, i 202, 203 
combination of, with am- 
monium, the bases of the 
earths, i 205 
its specific gravity increas- 
ed by congelation, ii 66 
volatilization of, ii 66 
oxides of, ii 41, 66, 67 
i methods of ascer- 

I taming their pu- 

1 rity, if 374, 375, 

376 
sulphate and supersulphate 

of, ii 67 
nitrate of, ii 68 

its use as a test, 
ii316 
subnitrate of, ii 68 
nitroxide of, ii 68 
per-nitrate of, ii 68 
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Mercury, fulminating, ii 68 
muriate of, ii 69 

tests of, ii 317 

1 method of as. 

certaining its 

purity, ii 374 

submuriate of, ii 69 

method of 
ascertain- 
ing its pu- 
rity, ii 374 
action of chlorine on, ii 
69,70 
alloys of, ii 70 
sulphurets of, ii 70 
use of, as a test, ii 317 
analysis of ores of, ii 351 
method of ascertaining its 

purity, ii 375 
apparatus for freezing, i 
367 
Metallurgy, .application of chemistry 

to, i xx 
Metals, their comparative power of 
conducting heat, i 89 
fused and ignited by electrici- 
ty and galvanism, i 164 
^numeration of ii 29 
general properties of, ii 29 
order in which they reflect 

light and heat, ii 50 
comparative tenacity of, ii 31 
chemical properties of, ii 31 
oxidation of, ii 33, 34 
< method of calculating the oxy- 

gen acquired by, ii 35 
proportion of oxygen neces- 
sary for the solution of, ii 36 
Afferent stages of oxidation 

of, ii 36 
action of alkaline solutions on, 

ii 38 
reduction of, ii 39 
table of the proportions of 
oxygen with which they 
combine, ii4J 
compounds of hydrogen with 

1143 
sulphur with, ii 

43,44 
sulphureted hy- 
drogen with ii 

p ' chlorine with, i 

342, 345, ii 47 

iodine with, ii 

47 
phosphorus 
with, ii 48 
Metakt compounds pf carbon with, ii 

Vot. I— E* 



Metals, alloys of, ft 4ft 

their qualities altered in al- 
loys, ii 49 
classification of, ii 50 
malleable, ii 51 
\ brittle and easily fused, ii 51 
difficultly fused, 51 
refractory, ii 51 
use of, as tests, ii 314 
tenacity of several, ii 31 
analysis of ores of, ii 349, 353 
colours of precipitates from, 
ii 427, 429 
Meteoric stones,- all contain iron al- 
loyed with nickel, ii 98 
Milk, description and properties of, 
U273 
/ vinous fermentation of, ii 276 
sugar of, ii 276 
acid o£ ii 276 
different kinds of, ii 277 
Mindererus's spirit, ii 225 
Minerals, general directions for the 

examination of, ft 330, 332 
Mineral tar, ii 198 

pitch, ii 198 

waters, analysis of, ii 305 

examination of by 

re-agents, ii 306 
substances that may 
be expected in, 
and means of de- 
tecting them, ii 
332 
analysis of, by eva- 
poration, ii 324 
Dr. Murray's formu- 
la for the analysis 
of, ii 327, 330 
jjellow, ii 106 
Minium, ii 103 
Molecule* integrant, i 42 
Molybdaie of potash, ii 134 
Molybdenum, ore of, ii J.33 

mode of obtaining, ii 133 
properties of, ii 133 
oxides of, ii 133 
action of acids on, ii 134 
analysis of ores of, ii *52 
Molybdic acid, mode of obtaining, n 
133 

. properties of, ii 134 
Mohjbdous acid, ii 134 
Mordatmt, what ii 183 
Monocytic acid, ii 167 
Morphia or Morphine, ii 193 . 

how procured, 

ii 194 
its properties* 
iU94 
Mother of pearl, ii $98 
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Motors of electricity, i 174 
Mucilage, ii 147 

Muco-extractive matter, ii 233, 259 
Mucous acid, ii 249 
JHfuctw, ii 333, 235 

tests of. ii 236, 237 
of the nose, ii 279 
Muffles, i 29 
Mulberry calculi, ii 292 
Muriate of alumine, i 354 

ammonia, i 349 ; ii 372 

hyperoxygeniz- 
ed, i 358 
barytes, i 351 ; U 317 

hyperoxygenized, 
i359 
bismuth, ii 113 
copper, ii 81 
glucine, i 354 
gold, ii 52 
iridium, ii 75 
iron, ii 88 
lead, ii 106, 351 
lime, i 351 ; ii 321, 322 
hyperoxygenized, i 
360 
Uthina, i 195 
magnesia, i 354 
mercury, ii 69, 317, 362, 

374 
platinum, ii 58 
potash, i 347 

hyperoxygenized, 
i355 
rhodium, ii 72 
silver, ii 61, 349 
soda, i 347; ii 242, 371 
hyperoxygenized, i 
358 
strontites, i 352 

hyperoxygeni- 
zed,! 360 
tin, ii 100 
yttria,i354 
zinc, ii 110 
zircon, i 354 
Muriates, tests of, ii 323 

hyperoxygenized (or chlo- 
rates), i 355, 360 
Muriatic acid, i 329, 331 

affinities of, i 55 
process for preparing, 

\i334 
its-properties, i 336 
table of strength of, i 

336 
tests of, ii 322 
mode of ascertaining 
the purity of, ii 367 
oxygenize*. See Ghb~ 
vhtt 



Muriatic acid gas, mode of obtaining, 

1331 
properties, of, i 

its attraction for 
* water, i 332 
action of potassium 

on, i 332 
water seemingly 
essential to, i 333 
ether, ii 215 

table of the quantity 
of real or dry mu- 
riatic acid in 100 
parts of the liquid 
acid at successive 
specific gravities, 
U426 
Murio-sulpkuric acid, i 361 
Muscle, basis of, ii 299 

converted into fat, ii 244 
component parts of, ii 299 
Muscovado sugar, ii 149 
Mushrooms, peculiar substance ex- 
tracted from, ii 202 
Musical sounds from burning hydro- 
gen gas under a tube, i 142 
Myrica cerifera, berries of, contain 

wax, ii 190 
Myrile-ivax, ii 191 

N. , 
Nails, ii 300 
Naphtha, n 197 
Narcotic, principle, ii 193 
Natural history, assisted by the know* 
ledge of chemistry, i xii 
philosophy, i x 

distinguished from 

chemistry i x 
requires a know- 
ledge of chemis- 
try, ixi 
Neutral salts, i 226 
Neutralization, i 44, 64, 70, 226 
Nickel, method of purifving, ii 95 
properties of, ii 96 
alloyed with iron in all mete- 
oric stones, ii 97 
acetate o£ ii 227 
analysis of ores of, ii 352 
Nicotin, ii 203 
Nitrate, of alumine, i 324 
ammonia, i 324P 
antimony, ii 116 
barytes, i 325, ii 317 
bismuth, ii 112 
cobalt, ii 126 
copner,i70; iiQf) 
glucine* i 327 
110% ii 67 
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JVtirate of lead ii 1Q5, 316 
lime, i 326 
lithina, i 195 
magnesia, i 326 
mercury, ii 68, 316 
potash, i 319; ii371 
silver, ii 61, 63, 315, 359, 

376 
soda, i 322 
strontites, i 326 
tin, ii 100 
yttria, i 327 
zinc, ii 110 
zircon i 327 
Jfttre : See Potash nitrate of 
Afcric acid, i 302 

composition of i 3Q2 
analysis of, i 304 
properties of i 305 
table of strength of i 303 
decomposition of i 304 
" process for preparing,! 321 
purification of i 322 
in its pure state elastic, ii 

22 
use of as a test, ii 311 
test of, ii 322 
/ mode of ascertaining the 

purity of ii 367 
tale of the proportion of 
real or dry nitric acid in 
100 parts of the liquid 
acid at successive spe- 
cific gravities, ii425 
ether ii 215 
oxide i 291 
JMitricum, i 132 
Nitrates, i 328 

of lead, ii 105 
iMttrogen gas, i 130 

how procured, i 131 
its properties, i 131 
weight of, i 120, 131 
a compound of oxygen 
with an unknown 
base, i 132, 199, 200 
quantity oft absorbed 

by water, i 152 
compound of oxygen 

with, i 298 
combines with chlorine 

i343 
with iodine, ii 27 
gaseous oxide of See JVT» 
trotu Oxide 
JVfrro-muriate of antimonv, iill6 

cobalt, ii 126 
gold, ii 52 
tin, ii 101 
muriatic acid^i 360 



Mtro sulphuric add, ii 64,65 
Mtr^muriate$ 9 no compounds proper- 
ly so called, i 360 
Mtrous acid, i 316 

composition, of, 1299 
table of strength of, i 316 
use of as atest, U311 
mode of ascertaining 
the purity oft ii*367 
vapour, i 300, 301. 
gas, composition of, i 299, 
301 
quantity of absorbed by 

water, i 152 
properties of, i 306 
applied to eudiometry, 

1307,311,312 
decomposition oft i 311 
synthesis oft i 312 
oxide, composition of, i 299 
301 
quantity of absorbed 

by water, i 152 
mode of obtaining, l 

312 
properties oft i 314 
effects of respiring it, 
i316 
Mtroxide of mercury, ii 68, 375 
Mtrumjlammmu, i 324 
Nomenclature, new, i 224, 226, 32% 

939,40 
of the compounds 
of chlorine and 
of muriatic acid, 
i346 
JVta, mucus of the, ii 279 

O. 
Otf, inflamed on the surface of wateft 
i358 
Dippel's animal, ii 296 
of vitriol. See Sulphuric Acid 
ofwine,ii215 
Oik* animal, ii244 

fixed, how obtained, ii 170 
properties oft ii 170, 171 
with alkalies form soap, ii 
171 

dissolve sulphur, ii 171 
rendered drying by me- 
tallic oxides, ii 171 
distillation oft ' ii 171 
combustion oft ii 171 . 
action of acids on, ii 172 
spontaneous combustion 
of, ii 172 
volatile, or essential, ii 172 

mode of detecting their 
adulteration, ii 378 
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Olefiant gas, quantity of, absorbed by j 
water, i 152 | 

method of procuring 1 , i 

355 
properties of, i 255 
Okie acid, ii 946 
Onion, juice of, contains much sugar, 

ii 151 
Opium, constituent parts of, ii, 193, 

195 
Ores, analysis of, ii 348 

in the dry way, ii 
353 
Organic and inorganic compounds, 

distinction between, ii 142 
Orptment % ii 122 
Osmazome, ii 304 
Osmium, n 75 

oxide of, ii 76 
• analysis of ores of, ii 353 
Ounce measures reduced to cubic in- 
ches, ii 397 
Oxalate of ammonia, ii 154 
barytes, ii 154 
lime, ii 154 
magnesia, ii 154 
potash, ii 153 
soda, ii 154 

strontites, ii 154 • ' . 

Oxalates, use of, as tests, ii 312 ' 
Oxalic acid mode of obtaining, ii 151. 
properties of, ii 152 
composition of, ii 152 
found native in vegeta- 
bles, ii 167 
use of, as a test, ii 312 
a poison, when taken 
internally, and how to 
be treated, ii 366 
Oxidation^ i 128 ; ii 32 

different stages of ii 32,34 
Oxide, cystic, ii 294 
Oxides, how produced, i 128, ii 32, 33 
quantity of add required for 
their saturation in propor- 
tion to their oxygen, ii 38 
their solubility proportionate 

to their ©gygen, ii 38 
decomposition of, 39 
all yield their oxygen to pot- 
assium, i 189 
different, ii 40 
terminology of, ii 40 
table of the composition of, ii 

41 ' v , 
many soluble in water, ii 42 
sulphureted, ii 45 
hydrosulphureted, ii 46 
hydrogureted sulphurets of, 
ii46 



Oxidixement, ' ii 33 N 33 
Oxidule, ii 40 

Oxygen, not the principle of acidity 
solely, i 128, ,224 
Compounds of combustible 

bases with, i 225 
law respecting the union of 
bodies combined with, i 
226, 262, ii 36 
pr portion necessary for the 
solution of different met- 
als, ii 36, 38 
gas, il24 

procured from various 
substances, i 124, ii 
104 
its properties, i 124 
weight of, i 120, 124 
diminished in combus- 
tion, i 126 
absorbed by bodies 
burned, i 126, 127 
its union produces an 
oxide, an acid, or an 
alkali, i 128 
supports animal life, i 

128, 136 
apparently absorbed by 

the blood, i 128 
with hydrogen forms 

water, i 145 
quantity of absorbed by 

water, i 152 
combination of nitrogen 

with, i 298, 301 
compounds of chlorine 

with, i 337 
mode of procuring from 
. oxides of lead, ii 104 
new combinations of, 
with the known acids 
ii439 
Oxytode of potassium, ii 26 
of other metals, ii 28 
of hydrogen, ii 28 
Oxyiodic acid, ii 28 
Oxy iodine, ii 27 
Oxy-muriate of tin, ii 100 

lime, ii 438 
antimony, ii 117 
Oxymuriatic acid. See. Chlorine 
Oxy-nitrie acid, ii 439 
Oxy-phosphate of iron, ii 92 
Oxy-sulphate of iron, ii 87 

P. 

Paint, fine reddish brown, ii 82 

fresh, injurious effects ef, ii 
173 
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Paintings, method of copying ** &***> \ 
and transferring to lea- 
ther or paper, ii 63 
Palladium, ii 72 

oxide of, ii 41, ,72, 73 
sulphuret of, ii 73 
test of, ii 74 
alloys of, ii 74 
analysis of ores of, ii 353 
Pancreatic juice, ii 268 
Paper, preparation of, for tests, ii 309 
dark blue, round sugar-loaves, 
a test, ii 310 
Papbts digester, i 98 
Pearls, ii 298 
Pearlash, x 241 

method of ascertaining the 
real quantity of alkali in, 
i 241 ; ii 381 
PearUwfdte, ii 112 
Peat, ii 199 
Peptfs blow-pipe, i 85 
Per-chloric acio, i 340 
Per-chloride, ii 11 
Per-rtitrous acid, i 318 
Per-phosphorous acid, ii 10 . 
Pericardium, liquor of the, ii 281 
Peroxides, xi 40 
Perspiration, fluid of, ii 282 
Petroleum, ii 198 
Pewter, ii 102 
Phlogiston, ii 32 
Phosgene gas, ii 327 
Phosphate of iron, ii 91 

soda, ii 6, 320 
lead, ii 6, 108 
ammonia, ii 6 
barytes, ii 6 

acid, or bi-phosphate, ii 7 
iron, ii 91 
lime, ii 7 
neutral, ii 2 
silver, ii 65 
Phosphates, ii 6 
Phosphatic acid, ii 3 
Phosphites, ii 9 

Phosphon, solar, i 109, 277, 287 
Phosphoric acid, ii 3 

method of preparing, 

ii3 
properties of, ii 4 
exists in vegetables, 

ii 168 
test of, ii 322 
matches, ii 16 
ether, ii 216 
Phosphorous acid, ii 8 

m properties of, ii 9 

Phosphorus, its character, U 1 



Phosphorus, analysis of, H 2 • 

compounds of phospho- 
rus with alkalies, earths, 
and combustible bodies, 
ii 12 

oxygenization of, ii 2 
mode of obtaining, ii 5 
Baldwin's, i 326 
Canton's, i 287 
Humberg's, i 353 
liquid, ii 16 

solution of, in ether, ii 16 
its combination with chlo- 
rine, ii 11 
combines with metals, ii 

48 
Bolognianor solar, i 277 
Phosphuret of carbon, ii 2 
copper, ii 83 
gold, ii 5 j 
iodine, ii 25 
lime, ii 12, 13 
platinum, ii 59 
potassium, i 188 ; ii 15 
sodium, i 193 
sulphur, ii 12 
z:»\o, ii 111 
Phosphurets, nicallic, ii 48 
Phosphureted hydrogen gas, prepara- 
tion of, 
ii 13 
proper- 
ties of, 
ii 14 
Photometer, i 110, 111 
Picromel, ii ^68, 271 
Picrotoxine, ii 203 
Pinchbeck, ii 84 
Pitch, mineral, ii 198 
Pit Coal, ii 199 
Plaster of Paris, i 278, 279 
Plasters, ii 172 
\ Platinum, ii 56 

properties of, ii 56 
oxides of, ii 41, 56, 57 
test of, ii 59 
• uses of, ii 59, 60 

ethereal solution of, ii 58 
phosphuret of, ii 59 
alloys of, ii 59 
fulminating, ii 59 
a slow conductor of caloric, 

ii60 
destroys the colour of gold, 

ii 74 
fused by the combustion of 

hydro-zincic gas, ii 109 
analysis of ores of, ii 349 
Plumbago, ii 94 
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Plumbago, method of ascertaining, ii 
348 
composition of, ii 94 
Plumbane, ii 47, 106 
Plumber** solder, ii 102 
JPneumato-chermcal trough, i 112 
JPoitons, method of detecting, ii 357 
remedies against some, ii 
366 
Pollewn, ii 203 
Polychrotie, ii 202 ^ 
Portable furnaces, i 3 
soup, ii 229 
Potash, preparation of, i 178 

never quite free from carbonic 
acid and water, i 178, 179 
troperties of, i 179 
lydrated, i 179 

table of the quantity in solu- 
tions of different gravities, 
il80 
analysis of, 181 
pure, i 186 

component parts of, i 189, 190 
sub-carbonate of, i 289 

method of 
obtaining, 
i240 
its use as a 
test, ii 313 
mode of as- 
certaining 
its purity, 
U369 
of commerce, i 241 

method of as- 
certaining 
the veal 
quantity of 
alkali in, i 
241 
mode of ascer- 
taining its < 
purity, ii 379 
bi-carbonate oft i 242 

its difference 
from th«L 
sub-carbo- 
nate, i 242 
sulphate of, i 272 

mode of ascer- 
taining its pu- 
nty, u371 
bi-persulphate of, i 273 
sulphite of, i 285 
hydro-sulphuret of, i 289, 

292 
hydrogureted eulphuiet oft j. 



Potath, nitrate of, i 319 

mode of ascertain- 
ing its purity, ii / 
371 
nitrite of, i 328 
muriate of, i 347 
chlorate or hyper-oxymuriate 
of, i 355 

its powerful action on in- 
flammable bodies, i 357 
prus&iate of, ii 254 

best mode of pre- 
paring, ii 89 
its use, as a test, 
• U317 
arsenite of, ii 122 
molvbdate of, ii 134 
oxalate of, ii 153 ^ 
aiper-oxalate of, ii 153 
quadroxalate of, ii 153 
citrate of, ii 158 
tartrate of, ii 165 

mode of ascertain- 
ing its purity, ii 
373 , 
aupertartrate of, ii 165 

mode of as- 
certaining 
itspurityii 

acetate of, ii 225 

mode of ascer- 
taining its 
purity, ii 372 
use of, as a test, ii 313 
solution oft mode of ascer- 
taining its purity, ii 369 
Potassium, i 185 

mode of procuring, i 181* 

184 
its properties, i 186 
oxides, oft i 186 
its action on water, i 187 
acids, i 187 
phosphuret oft i 188 ; ii 15 
sulphuret of, i 188 
amafgam of, i 188 
alloys oft i 188 
reduces all oxides, i 189 
alloy of ammonium with, i 

203 
action of sulphurated hy- 
drogen on, i 
292 
iodine on, ii 25 
oxyiode oft ii 26 
alloy of tellurium *with, ii , 
118 
arsenR with, iil24 
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Potanureted hydrogen gas, i 1^0 
Potato, analysis of, li 176 
Pot-metal, ii 83 
Precipitate fcer w, ii 66 

^ W,ii68 
Precipitate*, apparatus for drying, 1 34 
colours of, ii 427, 429 

Precipitation, i 54 # 

jars for, i 364 
Priestley, Dr. his ounce measures re- 
duced to cubical inches, ii 397 
Prince Ruperts metal, ii 83 
Printer? types, ii 117 
Proto-cklorate of mercury, u 69 
Proto-chlorides, ii 11, 66 
Protoxides, ii 40, 67 
Prussian blue, method of preparing, 

ii 251 
Prussiate of iron, ii 88 
lime, ii 317 
palladium, ii 74 
potash, ii 89, 317, 436 
Prussic acid obtained from vegeta- 
bles, ii 168 
mode of obtaining, ii 

251 
properties, ii 252, 254 
Purple powder or Cassius, ii 54 
Purpuric acid, ii 248, 436 
Putrefaction resisted by charcoal, i 
231 
retarded by carbonic 
acid, i 239 
Pyro-acetic ether or spirit, ii 224, 226, 

227 
PyroUgnemts acid, ii. 182 

the same with the 
acetic, ii 182 
Pffrmeter,i79,^B .. 

• scale of Wedgwood's, u 

403 
Pyromucous acid, ii 165 
Pyropkorus, Homberg's i 282, 307 
Pyro-tartaric acid, ii 165 

a. 

Quadroxalate of potash, ii 153 
Quartation, ii 50 
Quercitron bark, ii 185 
Quicksilver. See Mercury. 
Quills, coagulated albumen, £301 



Radiant heat, i 76, 86 

Radishes, scrapings of, stain paper as 
a test, ii 309 
application of, to oscfal pur- 
poses, ii 357 



Re-agents, n 306 
Realgar, ii 122 
Receiver, i 31 

tubulated, i 31 
quilled, i 31, 364 
RedJead, ii 103 
Reduction of metals, ii 39 
Refractory metals, ii 51, 137 
Regulus of antimony, ii 113 
Rennet, ii 275 
Rosins, vegetable, ii 174 

animal, ii 242, 270, 271 
Respiration diminishes the bulk of air, 
i 137 
produces carbonic acid, i * 

238 
function of, examined, ii 
263, 265 
Rete mucosum, ii 301 
RefsnasphaUum, ii 198 
Jteorto,i30,363,364 

coating for, i 33 
Reverberatorymrnuce, i 28 
Revival of metals, ii 39 
Rfyatany, extract of, ii 186 
Rheum-palmatumy Contains oxalic acid!, 

ii 167 
Rheundc acid, ii 169 
Rhodium, ii 71 

alloys of, ii 72 
muriate of, ii 72 
oxides of, ii 41; 72 
analysis of ores o£ ii 353 
RoekeUe salt, ii 166 

mode of ascertaining 
• its purity, ii 272 
Rosacic acid, ii 248, 288 
Rusto£ iron, ii 83 

S. 

Sacokarate of lead, ii 150 
Saccho4actates, ii 250 
Sacckodactic acid, ii 240 
Safety-Lamp, construction of Sir HT 

Davy's i 258 
principle of itsopera- 

ration,i259 

Saffloioer, ii 185 

Saffron, substance extracted by alco- 
hol from, ii 202 
Sal ammoniac. See Ammonia, muriate 

of 
Salifiable base, i 226 
SaUfyihg principle, i 226 
Saava, 5 266 

properties of, ii 266 ^ 
component parts o£ ii 267 
Salt, common. See Soda, muriate of 
of sorrel, ii 151. See Oxalic 

acid 
petrer See Potash, nitrate of 
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Salt, spirit of. See Muriatic and. 
Salts, definition of, ii 331 ' 

division of, i 225, 227 
terminology of, i 225, 226 
analysis of, ii 3 33 
solubility of, in water, ii 416, 
418 

in alcohol, ii 419 
insoluble, disunited by Galva- 
nism, i 168 
incompatible, ii 423 
neutral, i 226 
Sandheat, i 372 

furnace for distilling by, i 28 
Saturation, i 39, 44, 70 
Scales of animals, ii 300 
Scarlet, solution of tin used in dyeing, 

ii 101, 185 
Scheele's green, ii 122 
Sebacic acid, ii 250 
Secretions, animal, ii266, 274, 279, 280 
Sedative salt. See Boracic Acid 
Seignctte** salt, ii 166 

mode of ascertaining 
its purity, ii 372 
Seleniaies, ii 119 
Selenic Acid, ii 119 
Selenium, ii 119 . 

properties of, ii 119 
Semi-metals, ii 31 
Separator, i 363 
Serosity, ii 258 
Serum, ii 258 
Sheathing of ships, i 160 
Shells, ii 297 

Silex, attempts to decompose, i206, 
216 
method of obtaining, i 214 
properties of, i 214 
SiUcated alkali, i 215 

fluoric gas, ii 19 
SiUci- fluoric acid, ii 20 
SiHcium, i 216 

SiUc, sulphurous acid gas whitens and 
gives lustre to, i 271 
properties of, ii 302 
Silver, properties of, ii 60 
• tarnishing of, ii 61, 65 
oxides of, ii 61 
, sulphate of, ii 61 

its use as a test, ii 315 
nitrate of, ii 61, 63 

its use as a test, ii 

315, 359, 362 
mode of ascertain- 

sub nitrate of, ii 61 
muriate of, ii 85, 349 
purification of, ii 60, 104 
cKJorure, or chloride of, u 62 
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Silver, fulminating compounds of, ii 
64 A 
solvent o£ii 64, 65 
phosphate of, ii 65 
alloys of, ii 65 
standard, ii 65 
sulphuret of, ii 65 
acetate of, ii -26 

use of, as a test, ii 315 
analysis of ores of, ii 349 
Similar, ii 83 
Sinews, ii 300 
Shin, ii 300 
Smalts, ii 127 

Smells, destroyed by charcoal, i 231 
JSoap, ii 171 

dissolved in alcohol, as a test, ii 
321 
Soda, preparation of, i 178 

Eroperties of, i 179 
ydrated, i 179 
table of the real quantity in so* 
lutions of different gravities, 
il81 
of commerce, method of ascer- 
taining the real quantity of 
alkali in, ii 380 
analysis of, i 182, 183 
component parts of, i 193 
never free from water, i 179- 
bi-carbonate of, i 244 
sub-carbonate of, i 243 

its use as a 
test, ii 313 
/ mode of ascer- 

taining its 
purity* ii 
370 
sulphate of, i 274 

mode of ascertain- 
ing its purity, ii 
371 
sulphite of, i 286 
hydrosulphuret of, i 293 
hydrogureted sulphuret o£ 1 

nitrate *f,.i 322 

muriate of, i 347 ; ii 242, 371 

decomposed by ox- 
ides of lead, ii 106 
mede of ascertain- 
ing its purity, ii 
371 
chlorate of, i 358 
phosphate of, ii 6 

asatest,ii320 . 
borate of, 5 18 

mode of ascertaining 
. its purity, ii 373 
sub-borate of, ii 18 
oxalate of, ii 154 
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Soda, 1>m-bxalate of, ii 154 
citrate of, ii 158 
acetate of, ii 225 
use of, as a test, ii 313 
tartrate of, ii 166 
succinate of, as a test, ii 312 
&dbne, i 345 
Sodium, i 183, 191 

mode of procuring, i 178, 183 
properties o$ i 191, 192 
oxides of, i 192 
sulphuret of, i 193 
phosphuret of, i 193 
amalgam of, i 193 
action of sulphureted hydro- 
gen on, i 290 
Soils, improvement of, ii 385 
Solar phosphori, i 109, 277, 287 
Solders, ii 50, 102, 113 
Solids, expansion of, by heat, i 75 
it 411 
absorb heat in becoming li- 
quid, i 92, 93 
melting points of, ii 405 
possessing porosity, absorb 

^ases, i 121 
point of volatilization of some, 

ii406 
specific heat of several, ii 415 
Solution, i 38, 154 

experimental illustrations of, 

1 68 
effects of very minute divi- 
sion of bodies, i 69 
generally produces cold, i 94, 

95, 154 
heat sometimes evolved in, 
il55 
Sorbic acid, ii 162 

how procured, ii 162 
its properties, ii 163 
analysis of, ii 163 
the same with the malic acid, 
ii435 
Sorrel, salt of, ii 151 See Oxalic acid 
Soup, portable, ii 229 
Spar, calcareous, i 250 
ponderous, i 277 
Specific Gravity, See Gravity Specific 
Speculum metal, ii 83 
Speltre, ii 109 
Spermaceti, ii 244 
Spirit, proof, ii 208 

of wine, ii208, 378 
Spring*, metallic, ii 327 
Stalactites, 1250 
Starmane, ii 47, 101 
Statmanea, ii 47, 100 
Starch, a delicate test of iodine, ii 29 
converted into sugar in the 
process of malting, ii 150, 
Voi,.Ir-F* 



Starch, mode of obtaining, ii 176 
properties of, ii 177 
method of converting it into 

sugar, ii 178 
analysis of, ii 178 
iodufet and sub-ioduret of, ii 
179 
Steam, formed at the bottom of water, 
i96 
has the same temperature 
boiling water, i 96, 97 
. latent heat o( i 96, 100, 103 
specific gravity of, i 100 
equal weights of, containequal 

quantities of caloric, i 102 
applicable to the purpose of 

heating bodies, i 104 
force of, at different tempera- 
tures, ii 408 
Stearin, ii 246 
Steel, method of gilding, ii 55 

a compound of iron and carbon) 

ii94 / 

cast, i 94 * 
StiMc acid, ii 115 
SHbious acid, ii 115 
SHU, common, i 30 
Stones, analysis of, ii 335 

substances, that may be ex> 
pected in, and means of sepa* 
rating, ii 346 
Strontites, analysis of, i 210 
properties of, i 209 
base of, i 210 
carbonate of, i 249 
sulphate of, i 278 
hydrosulphuret o£ i 293 
nitrate of. i 326 
muriate of, i 352 
chlorate of, i 360 
oxalate of, ii 154 
acetate of, ii 226 
use of, as a test, ii 314 
Strontium, i 210 

Subborate of soda, ii 18, 130, 373 
Subcarbonate of ammonia, i 244,247 
lime, i 214 

magnesia, i 251 ; ii 370 * 
potash, ii 369 
soda, i 243 ; ii 370 
Sub-chloride of lead, ii 106 
Suber, ii 195 
Suberic acid, mode of obtaining, iil95 

properties of, ii 196 
Sublimate, corrosive, ii 69, 317, 374 
Sublimation, i 251 
Submuriate of copper, ii 81 
gold, ii 52 
mercury, ii 69 
means of ascertaining 
the purity o£ ii 374 
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silver* H £1 

copper, ii $0 
Subnitrite of lead, ii, 100 
Sub-siticated fluoric acid, ii 19 

iron, ii 86 
mercury, ii 370 
tin, ii 99 
^b*9Hlphtr*t of nrereury, ii 70 
Sub-tarwate of lead, ii 183 
Suomafe of ammonia, as a test, ii 92, 
319 
WW, ii 92,173 
soda, as a test, ii 319 
3^e*»facjd,iU74 

mode of ascertaining 
&$ purity oft ii 369 
Sugar, ii 148 

preparation of, ii 141, 149 
obtained from several vegeta- 

W* tt 149 
properties of, ii 150 
component parte of, ii 150 
substances resembling, ii 151 
starch convertible into, ii 176 
contains all title principles of 

wax, *i 190 
readers; n&TQus acid a solvent 

of manganese, ii 384 
animal, i 243, 249, 276 
of lead, H 107 t 364 
Sulphates, tests, of, ii 323 
Sulphate of alumime, i 281 ; ii 323, 373 
ammonia, i 275 
ammonia and magnesia, i 

280 
barytes, i 279 - 
bismuth, ii 112 
copper, ii 78 
gktoine, i 283 
iron, ii 86,314^373 
lead, m 1Q5, 316 
lime, i 278; ii 323 
lithina, i 195 
magnesia, i 269 ; ii 372 
mercury, ii 67 
potash, i 272; ii 371 
silver, ii 61, 315 
soda, i 274 j ii 371 
strontites, i 278 
tin, ii 99 
yttife,i283 
zinc, ii 109 
?ircon, i 283 
tests of, ii 323 
compound, of magnesia audi 
soda, i 280 
Sulphite*, method of obtaining, i 284 .' 

properties of, i 284 
IStflpfdte of tj3*mj**fc K 286 



Sulphite of ammonia i 2gft 
barytes, i 286 
lime, i 286 
magnesia, i 286 
* potash^ 285 

soda* i 285 
copper, ii 79 
iron, ii 87 
lead, U 105 
sulphurated, i 288 
Sulphur, \ 261 

compounds of, i 262, 28$, 

298 
analysis of, ii 347 
properties ofj i 262 
preparation 3>f, for. taking 
1 impressions, i 262 £ 

combination pf alcohol with, 

i262 
contains hydrogen, i 263 

oxygen i 263 
combustion of, i 263 
combination of alkalies with, 

i263 
alcohol of, i 296 
combination of chlorine with, 
» 1344 

phosphuret of, ii 12 
combination of metals with. 

ii 43 
balsam of, ii 171 
hydrogureted i 294 
Sulphurane, i 345 
Sulphuret of potassium, i 188 
sodium, i 193 
ammonia, i 287 
lime, i 287 
carbon, 1 296 
iodine, ii 25 
gold, ii 55 
silver ii 65 
mercury, ii 70 
palladium, ii 73 , 

copper, ii 82 
iron, i 289 ii 92 
nickel, ii 9697 
tin, ii 99 
lead, ii 108 
zinc, ii 109 
bismuth, ii 111 
antimony, ii 115, 116 
arsenic, ii 122 
cobalt, ii 126 
manganese, ii 132 
molybdenum, ii 133 
SulpkureU, alkaline, mode of prepar- 
ing, i 286 
general proper* 

ties of, i 983 
exist only in a 
dry &tate,i 287 
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Smjthurets, atkaKne, use ofc as tests, 

ii 323 
tests of, ii 323 
metallic, ii 43 
table of the composition 

of several, H 44 
hydrogureted, i294; ii 46 
of bismuth, ii 112 
of mercury, ii 71 
Sulphureted hydrogen combines with 

oxides, ii 45 
with metals, 

ii 445 
test of lead, 
107,364 
test of arse- 
nic, ii 358 
gas, quantity 
ofabsorbed 
by water, i 
152 
v gas, modes of 
procuring, 
i288 
properties of, 

[289 

with alkalies 

and earths 

forms hy- 

, drosulphu- 

rets, i 291 
gas tests of, 

ii323 
liquid. See 
Sulpkuret 

of carbon, 
oxides, ii 45 
sulphites, i 284 
Sulphuric acid, i 264 

component parts of, i 

purification of, i 265 
decomposition of, i 269 
heat and light evolved 
on its addition to 
magnesia, i 279 
manufacture of, i 320 
use of, as a test, ii 311 
tests of, ii 322 
treatment of persons 
who have swallow- 
ed, ii 366 
method of ascertaining 
the purity of, ii 366 
glacial, i 267 ; ii 86 
real, quantity of, in 
acid of different den- 
sities, i 266 
Sulphuric ether, ii 214, 215, 218 



Sulphurtied alcohol, i $tt 

Sutpkurou* acid, formation of; i 270 

properties of, i 270 
component parts of, 

convertible into sul- 
phuric acid, i 271 
tests of,ii32B 
waters, i 289 
Sulphur vtoum, 1 262 
Sumach, n 185 
Sun beam*, consist of three kinds of 

rays, i 107. 108 
Super-carburetedhydrogtn, i 257 
Super-oxatete of potash, ii 153 

soda, u 154 
Super-sulphate of mercury, ii 67 

potash, i 273 
Super-sulphuret or iron, ii 93 
Super+ulpkureted hydrogen, i 293 
Super-tartrate of potash, ii 165 

ffl<xle of as- 
certaining its pu- 
rity, ii 372 
Supporters of combustion, i 225, 231 ; 

n 34 
Sympathetic inks, ii 81, $0, 108, 112, 

126 
Synovia, ii 283 
Synthesis, i 45 
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Tallow, ii 245 
Tan, from galls, ii 159 
• how obtained, ii 186 
properties of, it 187 
analysis of, ii 187 
quantity afforded by different 

barks, ii 187, 188 
artificial formation of, ii 188 
Tamiate of iron, ii 90, 188 

lead, li 188 
Tannin, ii 186 
Tanning, application of chemistry to. 

• •• i 
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Tantalum the same with columbium, 

ii 139 
Tar, mineral, ii 198 
Tartar, cream of, ii 163, 164, 372 

emetic. See Antimony tar- 

tarized 
soluble. See Potash, tartrate 

of 
vitriolated. See Potash, sul- 



phate s£ 
Tartaric acid, mffie of 
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obtaining, ii 
163 
properties of, ii HMt 
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Tartaric acid may be converted iato 

oxalic and acetic, ii 
164 
analysis o£ ii 165 
combinations of, ii 165 
mode of ascertaining the 
purity of, ii 368 
Tartrate of lithina, i 195 
potash, ii 165 

mode of ascertain- 
ing its purity, 3 
372 
and soda, ii 166 

mode of 
ascertaining its 
purity, ii 372 
tin, ii 101 
earthy, ii 166 
Tears, ii 279 
7V*/A,ii297 
TeUurates, u 118 
Tellureted hydrogen gas, ii 118 
Tellurium, ii 117 

acidifiable, ii 117 
analysis of ores of, ii 153 
compound of hydrogen 
, with, ii 118 

alloy of potassium with, i 
118 
Temperature, influence of, on chemi- 

cal affinity, i 59 
what, i 74 
method of ascertaining, 

i74 
change o£, produced by 
solution, i 95, 154 
Tenacity of different metals, ii 31 
Tendons, U.3Q0 
Terra japordca, ii 186 
T«rf*,ii307,379 
Thermometer, i 74 

its construction, i 79, 84 

its rise nearly in the 

ratio of the increase 

of heat, i 83, 84 

Dr. Dalton's scale of,, i 

85 
rule for reducing gases 
to a given height of 
the, ii 397 
Mr. Dalton's new scale 
compared with Fah- 
renheit's, ii 404 
air, i 80, 364 
differential, i 81 
Thermometers, various, correspon- 
dence between, ira)3 
Thoracic duct, fluid in the, ii 282 
Thorinay i 222 

how prewired, i 222 
properties of, i 222 



Thorina, in what respect^ it differs 

from other earths, i 223 
Tin, precipitation, of gold by, ii 54 
muriate of,, best test of platinum, 

ii 59 
properties of, ii 98 
oxides of, ii 41, 98 
hydrates of, 99 
amalgam of, ii 99 
sulphate of, ii 99 
subsulphate of, ii 99 
nitrate of, ii 100 
muriate of, ii 100 
oxymuriate, or per-chlorine of, ii 

100 
nitro-muriate of, ii 101 
acetate of, ii 101 
tartrate of, ii 101 
sulphuret of, ii 101 
alloys of, ii 102 

action of arsenic acid on, ii 123 
analysis of ores of, ii 350 
Tincal, ii 18 
Tinning, wet, ii 101 
Titanium, ii 137 

how obtained, ii 137 
properties of, ii 137, 138 
analysis of ores of, ii 353 
Tobacco, peculiar principle of, ii 203 . 
Tombac, ii 83 
Treacle, ii 149 
Tritoxides, ii 40 
Tt^e of safety, i 32 
Tubes, long or crooked, joint for unit- 
ing, i 367 
Tulips, singular substance from the 

pollen of, ii 203 
Tungstate of lime, ii 135 
Tungsten, mode of obtaining, ii 135 . 
characters of, ii 136 
oxides of, ii 136 
analysis of ores of, ii 352 
Tmigstic acid, mode of obtaining, ii 

135 
properties of, ii 136 
Turbith mineral, ii 67 

mode of ascertain- 
ing its purity, ii 
376 
Turf, ii 199 
Turmeric, as a dye, ii 185 

paper and tincture, as tests, 
ii 310 
Turpentine, oir of, converted into a 

kind of camphor, ii 173 
Tutenag, ii 83 
Types, metal, ii 117 . 



Ulnun, ii 201 
Uranium, ii 135 
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Uranium, analysis of ores at ii 352 

tfrea, method of obtaining ii 239, 285 
properties of, ii 239, 241 
alters the form of some muri- 
ates ii 242 
elements of, ii 242 

Uric acid, 247, 290 

Urine, sugar found in, ii 243 
gravel in, ii 247 
calculi in, ii 247, 289 « 
lateritious sediment of, ii 24fc 

288 
analysis of, ii 283 
putrefaction o£ ii 288 
changes of, in diseases, ii 288 
of different animals, ii 289 
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Vapour, caloric the cause of, i 95 
Famishes, ii 174, 190 • 
Vauquelkie, ii 436 
Vegetable acids. See Acids, 
- extract, ii 144 . 
jelly, ii 148 
substances, ii 142 

result of the 
spontaneous 
• , decomposition 

. . . of,ii205 

Vegetables, growth of, affected by car- 
„ • bonic acid, i 239 
proximate principles of ii 

142,^43. 
general laws respecting 
the compaction of ii 143 
acids found native in, ii 

155 
new acid discovered in, by 
Braconnot, ii 169 . 

fixed oils obtained from, 
H170 
rerrf<&r»*,ii82,226 

mode of ascertaining the 

purity of, ii 377 
distilled, ii077 
Verditer, ii 79 80 
VermiUon, ii 70 
Vinegar, ii 221 
' - purification of, ii 222 

distilled. See Acetous Acid 
radical. See Acetic Acid 
Vinous fermentation ii 205 
Violet*, syrup of, as a test, ii 308 

test of its genuine- 
ness, ii 309 
its colour restored by 
oxygen, ii 310 note 
pickle of, ii 310 note 
Vitriol, blue. See Copper, sidphate of 
green. See Iron, sulphate of 



Vitriol, White. See Zinc, sulphate of 
oil of, table of the quantity of 
and of dry sulphuric acid in 
100 parts by weight of dilu- 
ted acid at different densi- 
ties, U424 
VoUa's eudiometer, i 140, 366 
pile, i 157, 160 . 

. W. 
Water, supposed not to conduct heat, 
i 90, 91 ' 

is a slow conductor, i 90, 91 
quantity of coal required to 

evaporate, i 100 
composition o£ i 145 
proportion of the elements of, 

i 147 
analysis of, i 149 
properties and effects of, i 151 
absorbs chlorine gas, i 130 
contains air, i 151 
quantities of gases absorbed 

by, i 152, 236 
contained in the atmosphere 
in the driest weather, 1 153 
solidified in vjAms solids, i 

154, 225 
change of temperature pro- 
duced by solution of bodies 
in, i 154 
during solution gives out air, 
and has Ks" bulk altered, i 
155 - 

has its solvent power* increatf- 
^ed, by diminishing the pres- 
sure, i 155 
expands by cold, i 156 
decomposed by galvanism i 

166, 167 
always contains neutral salts 

in solution, i 176 
an essential element of all 

acids, i 225 
formed from its elements by 
the intervention of charcoal, 
i230 
decomposed by phosphuret of 

lime, ii 13 
apparatus for showing the com- 
position of, i 366 
apparatus for showing the 

decomposition of, i 366 
danger of leaden vessels for, 

ii 104, 364, 365 
tests of hardness of, ii 321 
expansion of, by heat, ii 410 
solubility of salts in, ii 416, 418 
Waters, mineral. See Mineral Wa- 
ters 
natural sulphurous, i 289 
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TftfoAft* English, reduced to French 
t ii399,391,396 

German, ii 390 
Dutch, ii 390 
Swedish, ii 390 
old French, ii 396 
modern French, ii 391 
absolute, of gases i 120 

rules for calculat- 
ing^ from the spe- 
cific gravity, ii 
• 401,402 
tVeldihg,il9i ; ii 157 
WeUhevU tube of safety, i 32 « 
Wet-timdng, ii 101 
Wheat, ii 179, 180 
Whey, ii 275 

White* how produced on a black 
ground in calico printing, ii 
185 
' , lead, ii 146 

mode of ascertaining its 
purity, ii 377 
Wind furnace, i. 28, 2T0 y S71 
Wine; tests of the presence of lead in 
iil0g|jp8, 364*365 
oil of, ii9i5 

table of- quantities of alcohol 
in various sorts of, ii 207 
Wires, tenacity of, ii 31 
Wtlfram, ii 136 
Wood. Quantity of charcoal afforded 

by different kinds of, i 229 
WWfy fibre, ii 181 
Wo*U iiSOl 
Wonlfe's apparatus, i 31, 366 ' 

Y 
Yellow, mineral, or patent, ii 106 
Yttria, i 220 

method of obtaining, i 221 



Yttria, its properties, i 2$1 < 
an oxide, i 221 
carbonate of, i 252 
stilphate of, 1 2#T 
nitrate of, i 3^7 
muriate of, i 344 
prussiate of, ii 319 

Z. 

Zafre, ii 124, 127 
3*nc, where to be procured, i 138 
alloys of, ii 83, 111 
purification of, ii 108 
properties of, ii 109 
oxides of, modes of ascertaining 
1 the parity of, tt 376 

solution of, in hydrogen gas, ii 

109 
sulphate of, ii 109 
nitrate of, ii 110 
muriate of, ii 110 ' 
compound of chlorine with, ii 

110 ' 

acetate of, ii 110, 226 
oxidized and dissolved by alka- 
lies, ii* 10 l 
sulphureted oxide of, ii 110 
hydro-sulphuret of, ii 110 
phosphuret of, ii 111 
analysis -of ores of, ii 351 
Zincahe, ii"47 ' " 

Zircon, attempt to decompose, i,206 
method of obtaining, i 219 
its properties, i .19 
carbonate of, i 252 
sulphate of, i 283 
nitrate jof, i 327 
muriate . of, i 354 
Zircmdttffi, ''219 
Zoordc acid, ii 256 
Zwme acid, ii 169 
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IT has so long been a custom to preface a course of lectures 
with the history of the science which is their object, that it may be 
necessary to state, briefly, the reasons that have induced me to 
depart from this established usage. 

The history of chemistry may either be merely a history of the 
science, that is, a view of the progressive development of the 
facts and doctrines of which the science is composed ; or it may 
comprehend, also, the biography of chemists. The detail of the 
progress of discovery, however, concerning particular objects of 
chemical research, would certainly be premature, at a period, 
when the student may be supposed to be ignorant of the external 
forms, and even of the existence, of no inconsiderable part of 
them. Respecting chemists themselves, little can be said that can 
contribute to information or amusement; for their lives, devoted 
to the abstract pursuits of science, have seldom been productive of 
events, that are suited to awaken or gratify, general curiosity. 
Our interest, indeed, respecting philosophers, is seldom excited, 
unless by a knowledge of the additions which they have made to 
the facts or theories of a science ; and with these a lecturer may 
fairly presume, however the fact may really be, that his hea» ers f 
at the commencement of a course, are wholly unacquainted. On 
these grounds, therefore, I hope to be excused for devoting to other 
purposes the time, that would have been allotted to the history of 
the science. For this, will be substituted a brief view of the na- 
ture and objects of chemistry; of its connexion with the arts and 
with other sciences ; and an outline of the plan on which the fol- 
lowing lectures will be conducted. 

* The following discourse formed, originally, the introduction to a se- 
ries of lectures delivered in Manchester, and was afterwards published un- 
der the title of " A General View of the Nature and Objects of Chemistry, 
and of its Application to Arts and Manufactures. M As the readers of aij 
elementary book may be presumed to require a similar plan of instruction, 
with the hearers of a popular course of lectures, I have thought it unneces- 
sary to alter the form under which the essay first appeared, though a few 
passages are applicable chiefly to the persons to whom it was originally ad- 
dressed. 
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X INTRODUCTION. 

Natural philosophy, in its most extensive sense, is a term com- 
prehending every science, that has for its objects the properties 
and affections of matter. But it has attained, by the sanction of 
common language, a more limited signification ; and chemistry, 
though strictly a branch of natural philosophy, is generally re- 
' garded as a distinct science. Between the. two it may, perhaps, 
be difficult to mark out precisely the line of separation : but, an 
obvious character of the facts of natural philosophy is, that they 
are always attended with sensible motion ; and the determination 
of the laws of motion is peculiarly the office of its cultivators. 
Chemical changes, on the other hand, of the most important kind, 
often take place without any apparent motion, either of the mass, 
or of its minute parts; and where the eye is unable to perceive 
that any change has occurred. The laws of gravitation, of cent ral 
forces, and all the other powers that fall under the cognizance of 
the natural philosopher, produce, at most, only a change of place 
in the bodies that obey their influence. But, in chemical changes, 
we may always observe an important difference in the properties 
of things : their appearances and qualities are completely altered, 
and their individuality destroyed. Thus, two highly corrosive 
substances, by uniting chemically together, may become mild and 
harmless ; the combination of two colourless substances may pre- 
sent us with a compound of brilliant complexion ; and the union 
of two fluids, with a compact and solid mass. 

Chemistry, therefore, may be defined, that science, the object 
of which is to discover and explain the changes of composition 
that occur among the integrant and constituent parts of different 
bodies.* 

- From this definition, it may readily be conceived, how wide is 
the range of chemical inquiry ; and, by applying it to the various 
events, that daily occur in the order of nature, we shall be enabled 
to separate them with accuracy; and to allot, to the sciences of 
natural philosophy and chemistry, the proper objects of the culti- 
vation of each. Whenever a change of place is a necessary part 
of any event, we shall call in the aid of the former. When this 
condition may be dispensed with, we shall resort to chemistry for, 

* The reader, who wishes to examine other definitions of chemistry* 
wiU find a variety of them, collected by Dr. Black, in the first volume of his 
u Lectures," published^ sincq his death, by Professor Robison. 
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the light of its principles. But it will be often found, that the con- 
currence of the two sciences is essential to the full explanation of 
phenomena. The water of the ocean, for example, is raised into 
the atmosphere by its chemical combination with the matter of 
heat ; but the clouds, that are thus formed, maintain their elevat- 
ed situation by virtue of a specific gravity inferior to that of the 
lower regions of the air, — a law, the discovery and application of 
which are due to the natural philosopher, strictly so called. 

It has not been unusual to consider chemistry, under the two- 
fold view of a science and of an art. This arrangement, however, 
appears to have had its origin in an imperfect discrimination be- 
tween two objects, that are essentially distinct Science consists 
of assemblages of facts, associated together in classes, according to 
circumstances of resemblance or analogy. The business of its 
cultivators is, first, to investigate and establish individual truths, 
either by the careful observation of natural appearances, or of new 
and artificial combinations of phenomena, produced by the instru- 
ments of experiment The next step is the induction, from well 
ascertained facts, of general principles or laws, more or Jess com- 
prehensive in their extent, and serving, like the classes and or- 
ders of, natural history, the purposes of an artificial arrangement 
Of such a body of facts and doctrines, the science of chemistry is 
composed. But the employment of the artist consists merely in 
producing a given effect for the most part by the sole guidance of 
practice or experience. In the repetition of processes, he has on«- 
ly to follow an established rule ; and, in the improvement of his 
art, he is benefited generally by fortuitous combinations, to which 
he has not been directed by any general axiom. An artist, in- 
deed, of enlarged and enlightened mind, may avail himself of ge- 
neral principles, and may employ them as an useful instrument in 
perfecting established operations : but the art and the science 
are still marked by a distinct boundary. In such hands, they are 
auxiliaries to each other; the one contributing a valuable acces- 
sion of facts ; and the other, in return, imparting fixed and coiw- 
prehensive principles, which simplify the processes of art, and di- 
rect to new and important practices. 

The possession of the general principles of chemistry enables 
us to comprehend the mutual relation of a great variety of events, 
that form a part of the established course of nature* It unfolds 
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the most sublime views of the beauty and harmony of the universe ( 
and developes a plan of vast extent, and uninterrupted order, 
which could have been conceived only by perfect wisdom, and ex- 
ecuted by unbounded power. By withdrawing the mind, also, 
from pursuits and amusements that excite' the imagination, its in- 
vestigations may tend, in common with the rest of the physical 
sciences, to the improvement of our intellectual and moral habits ; 
to strengthen the faculty of patient and accurate thinking ; and 
.to substitute placid trains of feeKng, for those which are too apt to 
be awakened by the contending interests of men in society, or the 
imperfect government of our own passions. 

The class of natural events that call for the explanation of che- 
mical science, is ' of very considerable extent ; and the natural 
philosopher (using this term in its common acceptation) is wholly 
incompetent to unfold their connexion. He may explain, for ex- 
ample, on the principles of his own science, the annual and diur- 
nal revolutions of the Earth, and part of the train of consequen- 
ces depending on these rotations But here he must stop : and 
the chemist must trace the effects, on the Earth's surface, of the 
caloric and light derived from the sun ; the absorption of caloric 
by the various bodies on which it falls ; the consequent fluidity of 
some, and volatilization of others ; the production of clouds, and 
their condensation in the form of rain; and the effects of this 
rain, as well as of the sun's heat, on the animal, vegetable, and 
mineral kingdoms. In these minuter changes, we shall find, there 
is not less excellence of contrivance, than in the stupendous 
movements of the planetary system. And they interest us even 
more nearly; because, though not more connected with our ex- 
istence or comfort, yet they are more within our sphere of obser- 
vation ; and an acquaintance with their laws admits of a more di- 
rect application to human affairs. 

There is another branch of knowledge (that of natural history), 
which is materially advanced by the application of chemical sci- 
ence. The classifications of the naturalist are derived from an 
examination and comparison of the external forms, both of ani- 
mate and inanimate bodies. He distributes the whole range of 
nature into three great and comprehensive kingdoms,— the ani- 
mal, the vegetable, and the mineral. Each of these, again, is sub- 
divided into several less extensive classes ; and individual ob- 
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' jects are referred to their place in the system, by the agreement 
of their characters, with those assigned to the class, order, and 
genus. In the different departments of natural history, these re- 
semblances vary in distinctness, in facility of observation, and in 
certainty of description. Thus, the number and disposition of 
the parts of fructification in vegetables afford marks of discrimi- 
nation, which are well defined, and easily ascertained. But mine- 
rals, that are not possessed of a regularly crystallized form, are 
distinguished by outward qualities that scarcely admit of being 
.accurately conveyed by language; such as minute shades of co- 
lour; or trifling differences of hardness, transparency, &c To 
the evidence of these loose and varying characters, that of the che- 
mical composition of minerals has within the few past years beea 

J added ; and mineralogy has been advanced, from a confused as- 

semblage of its objects, to the dignity of a well methodized and 
scientific system. In the example of crystallized bodies, the cor- 
respondence between external form and chemical composition, 
has been most successfully traced by the genius of Haiiy ; whose 
method of investigation has enabled him, in numerous instances, 
to anticipate, from physical characters, the results of the most 
skilful and laborious analysis. 

It is unnecessary to pursue this pact pf the subject to a greater 
extent ; because, to all who have been in the habit of philosophi- 
cal investigation, the connexion between the sciences must be 
sufficiently apparent ; and because there is another ground, on 
which chemistry is more likely to claim, with success, the respect 

i and attention of the great mass of mankind. This is, its capacity 

of ministering to our wants and our luxuries, and of instructing 
us to convert to the ordinary purposes of life, many substances 
which nature presents in a rude and useless form. The extrac- 
tion of metals from their ores ; the conversion of the rudest ma- 
terials into the beautiful fabrics of glass and porcelain ; the pro- 
duction of wine, ardent spirits, and vinegar ; and the dyeing of 
linen, cotton, and woollen manufactures, — are only a few of the 
arts that are dependent on chemistry for their improvement, and 
even for their successful practice. 

It cannot, however, be denied, that all the arts which have been 
mentioned were practised in times when the rank of chemistry, as 
4 science, was extremely degraded ; and that they are the daily 
.employment of unlettered and iguorant men. But to what does 
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this confession amount? and how far does it prove the indepen- 
dence of the above arts on the science of chemistry ? 

The skill of an artist is compounded of knowledge and of ma- 
nual dexterity. The latter, it is obvious, no science can teach.—' 
But the acquirement of experience, in other words, a talent for 
the accurate observation of facts, and the habit of arranging facts 
in the best manner, may be greatly facilitated by the possession of 
scientific principles. Indeed, it is hardly possible for any one to 
frame rules for the practice of a chemical art, or to profit by the 
rules of others, who is unacquainted with the general doctrines of 
the science*. For, in all rules, it is implied, that the promised ef- 
fect will only take place, when circumstances are precisely the 
same as in the case under which the rule was formed. To ensure 
an unerring uniformity of result, the substances, employed in che- 
mical process, must be of uniform composition and excellence ; or, 
' when, it is not possible to obtain them thus unvaried, the artist 
should be able to judge precisely of the defect, that he may pro- 
portion his agents according to^ their qualities* Were chemical 
knowledge more generally possessed, we should hear less of failures 
and disappointments in chemical operations; and the artist 
would commence his proceedings, not, as at present, with distrust 
and uncertainty, but with a confident and well grounded expec- 
tation of success. 

It will scarcely be contended, that any one of the arts has hi- 
therto attained the extent of its possible perfection. In all, there 
is yet a wide scope for improvement, and an extensive range for 
ingenuity and invention. But from what class of men are we to 
expect useful discoveries ? Are we to trust, as hitherto, to the fa- 
vour of chance and accident ; to the fortuitous success of thpse 
who are not guided in their experiments by any general princi- 
ples ? Or shall we not rather endeavour to inform the artist, and 
induce him to substitute, for vague and random conjecture, the 
torch of induction and of rational analogy ? In the present imper- 
fect state of his knowledge, the artist is even unable fully to avail 
himself of those fortunate accidents, by which improvements some- 
times occur in his processes ; because, to the eye of common ob- 
servation, he may have acted agreeably to established rules, and 
have varied in circumstances which he can neither perceive nor 
appreciate. The man of science, in these instances, sees more 
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deeply, and, by availing himself of a minute and accidental dif- 
ference, contributes at once to the promotion of his own interest, 
and to the advancement of his art. 

But it is the union of theory with practice that is now recom- 
mended. And " when theoretical knowledge and practical skill 
are happily combined in the same person, the intellectual power of 
man appears in its full perfection, and equally fits him to conduct, 
with a masterly hand, the details of ordinary business, and to con- 
tend successfully with the untried difficulties of new and per- 
plexing situations. In conducting the former, mere experience 
may frequently be a sufficient guide ; but experience and specu- 
lation must be combined to prepare us for the latter*.*' " Expert 
men," says Lord Bacon, " can execute and judge of particulars 
one by one ; but the general counsels, and the plots, and the mar- 
shalling of affairs, come best from those that are learned." 

This recommendation to artists, of the acquirement of scientific 
knowledge, is happily sanctioned by the illustrious success in our 
own days, of the application of theory to the practice of certain 
arts. Few persons are ignorant of the benefits that have resulted 
to the manufactures of this country, from the inventions of Mr. 
"Watt and Mr. Wedgwood ; both of whom have been not less bene- 
factors of philosophy than eminent for practical skill. The former, 
by a clear insight into the doctrine of latent heat, resulting, in a 
great measure, from his own acuteness and patience of investiga- 
tion, and seconded by an unusual share of mechanical skill, has per- 
Tiaps brought the steam-engine to its acme of perfection. Mr. 
Wedgwood, aided by the possession of extensive chemical know- 
ledge, made rapid advances in the improvement of the art of manu- 
facturing porcelain ; and, besides raising himself to great opulence 
and distinction, has created for his country a source of most pro- 
fitable and extensive industry. In an art, also, which is nearly con- 
nected with the manufactures of our own town, and the improve- 
ment of which must, therefore, " come home to our business and 
bosoms, " we owe unspeakable obligations to two speculative che- 
mists, — to Scheele, who first discovered the oxygenized muriatic 
acid ; and to Berthollet, who first instructed us in its application to 
the art of bleaching. 

* Stewart's jQleraents of the Philosophy of the Human Mind, chap. iv. 
'sect, 7. 
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Examples, however, may be urged against indulgence in theory ; 
and instances are not wanting, in which the love of speculative 
refinement has withdrawn men entirely from the straight path of 
useful industry, and led them on gradually to the ruin of their for- 
tunes. But from such instances, it would be unfair to deduce a 
general condemnation of theoretical knowledge. It would be the 
common error of arguing against things that are useful, from their 
occasional abuse.-— In truth, projects which have, for their founda- 
tion, a dependence on chemical principles, may be undertaken with 
a more rational confidence, than such as have in view the accom- 
plishment of mechanical purposes; because, in chemistry, we are 
better able, than in mechanics, to predict, from an experiment on a 
small scale, the probable issue of more extensive attempts. No 
one, from the successful trial of a small machine, can affirm, with 
unerring certainty, that the same success will attend one on a 
greatly enlarged plan ; because the amount of the resistances, that 
are opposed to motion, increases often into a ratio greater than, from 
tiieory, could ever have been foreseen : but the same law, by which 
the mineral alkali is extracted from a pound of common salt, must 
equally operate on a thousand times the quantity; and, even when 
we augment our, quantities in this immense decree, the chemical 
affinities, by which so large a mass is decomposed, are exerted only 
between very small particles. The fail u res of the mechanic, there- 
fore, arise from the nature of things ; they occur, because he has 
not in his power the means of foreseeing and calculating the causes 
that produce them. But, if the chemist fail in perfecting an econo- 
mical scheme on a large scale, it is either because he has not suf- 
ficiently ascertained his facts on a small one, or has rashly embarked 
in extensive speculations, without having previously ensured the 
accuracy of his estimates. 

The benefits which we are entitled to expect from the efforts of 
the artist and the man of science, united in one peoson, and at the 
same time tempered and directed by prudential wisdom, affect not 
only individual but national prosperity. To the support of its dis- 
tinction, as a commercial nation, this country is to look for the 
permanency of its riches, its power, and, perhaps, even of its 
liberties ; and this pre-eminence is to be maintained, not only by 
local advantages, but on the more certain around of superiority 
in the productions of its arts. Impressed with a full conviction 
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»f this influence of the sciences, a neighbouring and rival people 
offer the most public and respectful incitements to the application 
of theory in the improvement of the chemical arts ; and, with the 
view of promoting this object, national institutions have been form- 
ed among them, which have been already, in several instances, 
attended with the most encouraging success. It may be sufficient, 
at present, to mention, as an example, that France, during a long 
war, supplied, from her own native resources, her enormous, and 
perhaps, unequalled consumption of nitre. 

The general uses of chemistry have been thus fully enlarged 
upon, because it is a conviction of the utility of the science, that 
can alone recommend it to attentive and persevering study. It 
may be proper to point out, in detail, a few of its more striking 
applications : 

I. The art which is, of all others, the most interesting, from its 
subserviency to wants that are interwoven with our nature, is ag- 
riculture, or the art of obtaining, from the earth, the largest crops 
of useful vegetables at the smallest expense. 

The vegetable kingdom agrees with the animal one, in the pos- 
session of a living principle. Every individual of this kingdom is 
• regularly organized, and requires for its support an unceasing 
supply of food, which is converted, as in the animal body, into 
substances of various forms and qualities. Each plant has its pe- 
riods of growth, health, disease, decay, and death ; and is affected, 
in most of these particulars, by the varying condition of external 
circumstances. A perfect state of agricultural knowledge would re- 
quire therefore, not only a minute acquaintance with the structure 
and economy of vegetables, but with the nature and effects of the 
great variety of external agents, that contribute to their nutriment, 
or influence their state of health and vigour. It can hardly be ex- 
pected, that the former attainment will ever be generally made by 
practical farmers ; and it is in bringing the agriculturist acquainted 
with the precise composition of soils and manures, that chemistry 
promises the most solid advantages. Indeed, any knowledge that 
can be acquired on this subject, without the aid of chemistry, must 
be vague and indistinct, and can neither enable its possessor to 
produce an intended effect with certainty, nor be communicated 
to others in language sufficiently intelligible. Thus we are told, by 

Vol, I.~ C. 
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Mr. Arthur Young, that, in some parts of England, any loose clay 
is caller] marl, in others marl is called chalk, and in others, clay 
is called loam. From so confused an application of terms, all ge- 
neral benefits of experience in agriculture must be greatly limited* 
Chemistry may, to agriculturists, become a universal language, 
in which the facts, that are observed in this art, may be so clothed, 
as to be intelligible to all ages and nations. It would be desirable, 
for example, when a writer speaks of clay, loam, or marl, that he 
should explain his conception of these terms, by stating the chem- 
ical composition of each substance expressed by them. For, all 
the variety of soils and manures, and all the diversified produc- 
tions of the vegetable kingdom, are capable of being resolved, by 
chemical analysis, into a small number of elementary ingredients* 
The formation of a well defined language, expressing the propor- 
tion of these elements in the various soils and manures, now so 
vaguely characterized, would give an accuracy and precision, 
hitherto unknown, to the experience of the tillers of the earth. 

It has been said, by those who contend for pure empiricism in 
the art of agriculture, that it has remained stationary, notwith- 
standing ail improvements in the sciences, for more than two 
thousand years. " To refute this assertion," says Mr. Kirwan > 
* we need only compare the writings of Cato, Columella, or Pliny, 
with many modern tracts, or still better, with the modern practice 
of our best farmers." — " If the exact connexion of effects with 
their causes," he adds, *' has not been so fully and extensively 
traced in this, as in other subjects, we must attribute it to the pe- 
culiar difficulty of the investigation* In other subjects, exposed to 
the joint operation of many causes, the effect of each, singly and 
exclusively taken, may be particularly examined, and the experi- 
menter may work in his laboratory, with the object always in his 
view. But the secret processes of vegetation take place in the dark, 
exposed to the various and indeterminable influences of the at- 
mosphere, and require, at least, half a year for their completion. 
Hence, the difficulty of determining on what peculiar circumstance 
success or failure depends; for, the diversified experience of many 
years can alone afford a rational foundation for solid, specific 
conclusions."* 

* 

* See Kirwan on Manures. 
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II. To those who study medicine as a branch of general science, 
or with the more important view of practical utility, chemistry 
may be recommended with peculiar force and propriety. — The 
animal body may be regarded as a living machine, obeying the 
same laws of motion as are daily exemplified in the produc- 
tions of human art. The arteries are long, flexible, and elastic ca- 
nals, admitting, in some measure, the application of the doctrine 
Df hydraulics ; and the muscles are so many levers, of precisely 
the same effect with those which are employed to gain power in 
mechanical contrivances. But there is another view, in which, 
with equal justice, the living body may be contemplated. It is a 
laboratory, in which are constantly going forward processes of va- 
rious kinds, dependent on the operation of chemical affinities. 
The conversion of the various kinds of food into blood, a fluid of 
comparatively uniform composition and qualities ; the production 
of animal heat by the action of the air on that fluid, as it passes 
through the lungs ; and the changes, which the blood afterwards 
undergoes in its course through the body,— are all, exclusively, 
subjects of chemical enquiry. To these, and many other ques- 
tions of physiology, chemistry has of late years been applied with 
the most encouraging success ; and it is to a long continued pro- 
secution of the same plan, that we are to look for a system of 
physiological science, which shall derive new vigour and lustre 
from the passing series of years. 

It must be acknowledged, however,, as has been observed by 
Sir H. Davy,* that the connexion of chemistry with physiology 
has given rise to some visionary and seductive theories; yet even 
this circumstance has been useful to the public mind, in exciting 
it by doubt, and in leading it to new investigations. A reproach, 
to a certain degree just, has been thrown upon those doctrines 
known by the name of the chemical physiology ; for, in the appli- 
cations of them, speculative philosophers have been guided rather 
by the analogies of words than of facts* Instead of endeavouring 
slowly to lift up the veil, which conceals the wonderful pheno- 
mena of living nature ; full of ardent imaginations, they have vainly 
and presumptuously attempted to tear it asunder." 



* In his excellent" Discourse, Introductory to a Course of Lectures," &o> 
London. Johnson. 1802. 
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HI. There is an extensive class of arts, forming, when viewed 
collectively, a great part of the objects of human industry, which 
do not, on a loose and hasty observation, present any general prin- 
ciple of dependency or connexion. But they appear thus disunited, 
because we have been accustomed to attend only to the productions 
of these arts, which are, in truth, subservient to widely different 
purposes. Who would conceive, for instance, that iron and com- 
mon salt ; the one a metal, the use of which results from its hard- 
ness, ductility, and malleability ; the other a substance, chiefly val- 
uable from its acting as a preservative and seasoner of food, — 
are furnished by arts alike dependent on the general principles of 
chcfmistry ? The application of science, in discovering the prin- 
ciples of these arts, constitutes what has been termed economical 
chemistry ; amongst the numerous objects of which, the follow- 
lowing stand most distinguished: 

1st. Metallurgy, or the art of extracting metals from their ores, 
comprehending that of Assaying, by which we are enabled to judge, 
from the composition of a small portion, of the propriety of work- 
ing large and extensive strata. To the metallurgist, also, belong 
the various modifications of the metals when obtained, and the 
union of them together, in different proportions, so as to afford 
compounds adapted to particular uses. — Throughout the whole of 
this art, much practical knowledge may be suggested by attention 
to the general doctrines of chemistry. The artist may receive 
useful hints respecting the construction of furnaces for the fusion 
of ores and metals ; the employment of the proper fluxes ; the utility 
of the admission or exclusion of air; and the conversion of the re- 
fuse of his several operations to useful purposes. When the metals 
have been separated from their ores, they are to be again subjected 
to various chemical processes. Cast or pig iron is to be changed 
into the forms of wrought or malleable iron and of steel. Copper, 
by combination with zinc or tin, affords the various compounds 
of brass, pinchbeck, bell-metal, gun-mefal, &c. Even the art of 
printing owes something of its present unexampled perfection to 
the improvement of the metal of types. 

£d. Chemistry is the foundation of those arts that furnish us 
with saline substances, an order of bodies highly useful in the busw 
ness of common life. Among these, the most conspicuous are, 
sugar in all its various forms ; the vegetable and mineral alkalies, 
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known in commerce by the names of potash, pearlash, and barilla ; 
common salt ; green and blue vitriol, and alum ; nitre or saltpetre ; 
sugar of lead ; borax ; and a long catalogue, which it is needless 
to extend farther. * « 

3d. The manufacturer of glass, and of various kinds of pottery 
and porcelain, should be thoroughly acquainted with the nature 
of the substances he employs : with their fusibility, as affected by 
difference of proportion, or by the admixture of foreign ingredi- 
ents ; with the means of regulating and measuring high degrees of 
heat ; with the principles on which depend the hardness of his pro- 
ducts, and their fitness for bearing the vicissitudes of heat and 
cold ; and with the chemical properties of the best adapted co- 
lors and glazing.— *£ven the humble art of making bricks and tiles 
has received from the chemical knowledge of Bergman, the addition 
of several interesting facts. 

4&. The preparation of various kinds of fermented liquors, of 
wine, and ardent spirits, is intimately connected with chemical 
principles. Malting, the first step in the production of some of 
these liquors, consists in the conversion of part of the grain into 
saccharine matter, essential in most instances to the success of the 
fermentative change. To acquire a precise acquaintance with 
the circumstances, that favour or retard the process of fermen- 
tation, no small share of chemical knowledge is required. The 
brewer should be able to ascertain, and to regulate exactly, the 
strength of his infusions,* which will vary greatly when he has 
seemingly followed the same routine. He should be aware of the 
influence of minute changes of temperature in retarding or advan- 
cing fermentation ; of the means of promoting it by proper fer* 
ments; and of the influence of the presence or exclusion of atmos- 
pherical air. A complete acquaintance with the chemical princi. 
pies of his art, can hardly fail to afford him essential aid in its 
practice. 

The production of ardent spirits is only a sequel of the vi- 
nous fermentation, and is, therefore, alike dependent on the doc- 
trines of chemistry. 

5th. The arts of bleaching, dyeing and printing, are, through- 
out, a tissue of chemical operations. It is not unusual to hear the 
new mode of bleaching distinguished by the appellation of the 
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chemical method ; but, it is in truth, not more dependant on the 
principles of this science, than the one which it has superceded, 
nor than the kindred arts of dyeing and printing. In the instance 
of bleaching, the obligation due to the speculative chemist is uni- 
versally felt and acknowledged. But the dyer and the printer have 
yet to receive from the philosopher some splendid invention, which 
shall command their respect, and excite their attention to chemi- 
cal science. From purely speculative men, however, much less is to 
be expected, than from men of enlightened experience, who endea- 
vour to discover the design and reason of each step in the pro- 
cesses of their arts, and fit themselves for more effectual observa- 
tion of particular facts, by diligently possessing themselves of ge- 
neral truths. x 

The objects of inquiry that present themselves to the dyer and 
printer, are of considerable number and importance. The prepay 
ration of goods for the reception of colouring matter ; the applica- 
tion of the best bases, or means of fixing fugitive colours; the im- 
provement of colouring ingredients themselves; and the means 
of rendering them permanent, so that they shall not be affected by 
soap, or by the accidental contact of acids or other corrosive bo- 
dies ; are among the subjects of chemical investigation. It is the 
business of the dyer, therefore, to become a chemist ; and he may 
be assured that, even if no brilliant discovery should be the re- 
ward of the acquisition, he will yet be better fitted by it for con- 
ducting common operations, with certain and unvaried success. 

6th. The tanning and preparation of leather are processes strict- 
ly chemical, which were involved in mystery, till they were redu- 
ced to well established principles by the researches of Seguin, and 
by the subsequent experiments of Davy. In this, as in most other ex- 
amples, the application of science to the practical improvement of 
an art, has to encounter the obstacles of ignorance and prejudice* 
But the interests of men are sure finally to prevail ; and the most 
bigotted attachment to established forms must give place to the 
clearly demonstrated utility of new practices. Such a demon- 
stration is generally furnished by some artist of more enlightened 
views than his neighbours, who has the spirit to deviate from or- 
dinary rules ; and thus becomes (not unfrequently with some per* 
sonal sacrifice) a model for the imitation of others, and an impor* 
£ant benefactor of mankind. 
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Many other chemical arts might be enumerated ; but enough, I 
trust, has been said, to evince the connexion between practical 
skill and tjie possession of scientific knowledge. I shall now pro- 
ceed to develope the plain, on which the following course of in- 
struction will be conducted. 

There are two methods of delivering the general doctrines of 
chemistry, and the facts connected with them. The one consists 
in a historical detail of the gradual progress of the science ; and, 
in pursuing this plan, we follow the natural progress of the hu- 
man mtnd, ascending from particular facts to the establishment of 
general truths. But a strong objection to its adoption is, that we 
are thus led into a minuteness of detail, which is ill suited to 
the plan of elementary instruction. In the other mode of arrange- 
ment, we neglect wholly the order of time in which facts were 
discovered, and class them under general divisions so framed as 
to assist the mind in apprehending and retaining the almost in- 
finite variety of particular truths. 

In a classification of the objects of chemistry, we may either 
begin with those substances, which are deemed to be simple, and 
proceed gradually to the more complicated: — or we may take 
bodies, as they are usually presented to us, and arrange them ac- 
cording to the resemblances of their external characters; making 
the development of their composition a subordinate part of the 
plan. To the former, or synthetic method, there is this strong ob- 
jection,—- that as we are probably still very remote from a know- 
ledge of the true elements of matter, it must be liable, in the pro- 
gress of science, to frequent and fundamental changes. It has 
been found necessary, for example, in consequence of Sir H. Da- 
vy's discoveries, to remove the fixed alkalies and the earths from 
the class of simple to that of compound bodies. Besides, it may 
be urged, where are we to place those substances, which have hi* 
therto resisted all attempts at their analysis, and yet have a striking 
resemblance, in natural characters, to the bodies with which they 
are already associated ? For these reasons it appears to me, that 
one arrangement is preferable to another, on no other ground, than 
as it is better adapted for communicating a knowledge of the sub- 
ject ; for all must be equally remote from that perfection, which 
cannot be considered as attained, till the science of chemistry 
shall no longer be capable of improvement 
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The order, which I have adopted as most eligible, is to com- 
mence with those facts, which lead most directly to the establish- 
ment of general principles. Attraction or affinity, as the great 
cause of all chemical changes, and as admitting of illustration by 
phenomena that are sufficiently familiar, has a primary claim to 
consideration. Next to that of attraction, the influence of Heat, 
over the forms and properties of bodies, is the most generally ob-' 
served fact; and as heat is a power, which is constantly opposed 
to that of affinity, there is the more propriety in contrasting their 
operation. With heat, Light also, as a repulsive agent, is fre- 
quently associated, and Electricity belongs to the same class of 
powers. But as the action of electricity consists, chiefly, in ef- 
fecting the disunion of chemical compounds, I have removed it 
from that place in the system, which seems naturally to belong to 
it. For before we can understand the general laws of electroche- 
mical agency, it is necessary to know something of oxygen and a 
few of the inflammable bodies; nor can the theory of the excita- 
tion of galvanic electricity be made at all intelligible, without this 
previous knowledge. 

.The phenomena of heat, and the laws deduced from them, con- 
duct us naturally to the great source of that fluid, which will be 
traced to a class of bodies agreeing, in mechanical properties, with 
the air of our atmosphere, and called airs or gases. These gases, 
we shall find, consist partly of gravitating matter, and partly of 
an extremely subtile fluid, which impresses on our organs the sen- 
sation of heat, and is called caloric*. When the ponderable in- 
gredients, usually called the bases, of these gases, combine to- 
gether, or with other bodies, caloric is given out, and new com- 
pounds are generated. It is on the possession or absence of the 
property of decomposing one of them, oxygen gas, that a compre- 
hensive division has been made of bodies into combustible and in- 
combustible* In this view of the subject, combustion necessarily 
implies the fixation of oxygen ; but the term has lately been ex- 
tended to every case of energetic chemical combination, which is 
accompanied with heat and light. With oxygen, chlorine po&* 
Sesses such numerous and close analogies, that it can only with 
propriety be placed along with that element, in the class of che- 

* Light and electricity are probably, also, constituents of the gases. 
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inlcal agents, which have been called supporters of combustion* 
Iodine is, also, entitled to the same rank ; and it is for purposes 
of convenience, and with the view of giving a more complete his- 
tory of it, that I have placed it in a different part of the work. 

The next division of bodies, that claim our attention, includes 
those, which are formed either by the mixture or union of the sim- 
ple gases or of their bases. Thus oxygen and nitrogen gases com- 
pose atmospheric air ; and hydrogen and oxygen, water. Nitro- 
gen and hydrogen, by their union, afford ammonia; and with 
this fluid the fixed alkalies are naturally associated. The detail 
of properties belonging to the alkalies and earths is, indeed, a ne- 
cessary preliminary to that of the acids, the most important qua- 
lity of which is, that they constitute, with the alkalies and earths, 
an extensive class of neutral salts. The consideration of the ba- 
ses of the alkalies and earths has been made to follow that of the 
bodies themselves, because these bases are the products of refined 
and complicated operations, which could scarcely have been other- 
wise understood. The fixed alkalies, also, precede the volatile 
ones, on account of the singular effects of potassium on ammonia* 

The next class of compounds is that of Acids. With each of 
these I have connected the history of its base, when known ; for 
as several of these bodies have already lost, and others appear like- 
ly to lose, their title to be considered as elementary, it becomes 
merely a question of convenience where they should be placed. 
In treating of the acids, their relation will be traced to those bo* 
die's only which have already been described ; for it would be un- 
seasonable to detail their action on metals, till that class of sub- 
stances has been specifically discussed. 

Haying dismissed the consideration of such elementery bodies, 
as are distinguished by affording acids when combined with ox- 
ygen, of the properties of acids thus generated, and of the conv 
pounds afforded by the union of acids with alkalies ; an important 
division of elementary substances will next claim our attention, 
viz. the Metals. 

The class of bodies, it is usual to introduce at a much earlier 
period : but I have adopted a different order, from the considera- 
tion, that, with the .previous knowledge of the constitution and 
qualities of acids, the history of the metals may be made much 
more complete ; and, especially, that all the various modes and 
Vol. I— D 
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phenomena of their combination with oyxgen and chlorine may be 
more distinctly explained. The more complex productions of the 
vegetable and animal kingdoms will be the last step in our pro- 
gress through the chemical arrangement of bodies; and the 
concluding part of the work will be occupied with practical rules, 
derived from the facts and principles explained in the course of 
it, and applicable to the solving of various interesting problems 
in chemical analysis. 
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PART I. 



CHAPTER I 

OF A CHEMICAL LABORATORY AND APPARATUS. 

A CHEMICAL laboratory, though extremely useful, and even es> 
sential, to all who embark extensively in the practice of chemistry, 
' either as an art* or as a branch of liberal knowledge, is by no means 
required for the performance of those simple experiments, which 
furnish the evidence of the fundamental truth of the science. A 
room that is well lighted, easily ventilated, and destitute of any 
valuable furniture, is all that is absolutely necessary for the purpose* 
It is even adviseable, that the construction of a regular laboratory 
should be deferred, till the student has made some progress in the 
science ; for he will then be better qualified to accommodate its plan 
to his own peculiar views and convenience. 

It is scarcely possible to .offer the plan of a laboratory, which 
will be suitable to every person, and to all situations ; or to suggest 
any thing more than a few rules that should be generally observed. 
Different apartments are required for the various classes of che- 
mical operations. The principal one may be on the ground-floor ; 
twenty-five feet long, fourteen or sixteen wide, and open to the 
roof, in which there should be contrivances for allowing the occa- 
sional escape of suffocating vapours. This will be destined chiefly 
for containing furnaces, both fixed and portable. It should be am- 
ply furnished with shelves and drawers, and with a large table in 
the centre, the best form of which is that of a double cross. Another 
apartment may be appropriated to the minuter operations of che- 
mistry ;• such as those of precipitation on a small scale, the processes 
that require merely the neat of a lamp, and experiments on the 
gases. In a third of smaller size, may be deposited accurate ba- 
lances, and other instruments of considerable nicety, which would 
be injured by the acid fumes that are constantly spread through a 
laboratory. 
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The following are the principal instruments that are required in 
chemical investigations ; but it is impossible, without entering; into 
very tedious details, to enumerate all the apparatus that should be 
in the possession of a practical chemist. 

I. Furnaces. These may be formed either of solid brick-work, 
or of such materials as admit of their removal from place to place. 

The directions generally laid down in elementary books of che- 
mistry, for the construction of fixed furnaces, appear to me de- 
ficient in precision, and such as a workman would find it difficult to 
put in practice. 1 have, therefore, given plans and sections, in the 
last two plates, of the various kinds of furnaces ; and in the Appen- 
dix, minute instructions will be found for erecting them*. 

The furnaces of most general utility are, 1st, the Wind Furnace, 
in which an intense heat is capable of being excited for the fusion of 
metals, &c. In this furnace, the body submitted to the action of 
heat, or the vessel containing it, is placed in contact with the burn- 
ing fuel. Fig. 60 exhibits one of the most common construction. 
Fig. 61 is the section of a wind furnace ; the plan of which was 
obligingly communicated to me by Mr. Knight, of Foster-lane* Lon- 
don, to whom, also, I am indebted for that represented, fig. 62. The 
wind furnace of Mr. Chenevix is shown by fig. 74. 2dly, The 
Evaporating Furnace is formed of iron plates, joined together by 
rabbiting, and placed over horizontal returning flues of brick. Figs. 
64 and 65, are two views of this furnace as recommended by Mr. 
Knight. When evaporation is performed by the naked fire, the 
vessel may be placed on the top of the furnace, fig. 60 or 61 ; and 
when effected through the intervention of a water bath, a shallow 
kettle of water, in which is placed the evaporating dish and its con- 
tents, may be set in the same situation. For the purposes of 
evaporating liquids, and drying precipitates .on a small scale, at a 
temperature not exceeding 212o Faht. a convenient apparatus is re- 
presented by fig. 27. 3dly, The plan of a Reverberatory Furnace 
is exhibited by figs. 66, 67, and 68. 4thly, The Furnace for distil- 
ling by a Sand Heat is constructed by setting upon the top of the 
brick-work, fig. 60, the iron pot, fig, 71 ; a door being made in the 
side of the furnace for introducing fuel. Distillation by the naked 
fire is performed with the wind furnace, figs. 62, 63. 5thly, The 
Cupelling, or Enamelling Furnace, is shown by figs. 69, 70. 

Portable furnaces, however, are amply sufficient for all the pur- 
poses of the chemical student, at the outset of his pursuit. The one 
which I prefer is that shown by figs. 58 and 59. It was originally 
contrived, I believe, by Mr. Schmeisser ;t and is made, with con- 
siderable improvements, and sold by Mr. Knight, and by other deal- 
ers in chemical apparatus. Its size is so small, that it may be set 
on a table, and the smoke may be conveyed by an iron pipe, into 
the chimney of the apartment. In the furnace, as it is usually sold, 
the chimney, adapted for distillation with a sand heat, passes di- 

* See the Description of the 7th and 8th plates in the Appendix. 
f See hjs Mineralogy, Tab. iii. and iv. 
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rectly through the sand-bath, the form of which is necessarily alter- 
ed, from the. common to a very inconvenient one. I have found it a 
great improvement to make the aperture for the chimney at k. 
This allows us to have a sand-bath of the usual shape, as shown by 
%. 59 ; or even to place evaporating dishes, or a small boiler, on the 
top of the furnace. The aperture may be closed by a stopper, when 
we dispose the furnace as shown by fig. £8. Dr. Black's furnace is 
generally made of a larger size, and is adapted to operations on a 
more considerable scale. (See figs., 72 and 73.) Both these furna- 
ces are constructed of thin iron plates, and are lined with fire-clay. 
They will be minutely described in the references to the plates. 
. For the purpose of exciting a sudden heat, and of raising it to 
great intensity, nothing can be better adapted than a very simple, 
cheap, and ingenious furnace, contrived by Mr. Charles Aikin, fig. 
55. It is formed out of pieces of black-lead melting pots, in a man- 
ner to be described in the Appendix, and is supplied with air by a 
pair of double belL-ws, d. By a slight alteration, this furnace may 
occasionally be employed for the operation of cupelling. (See 
fig. 57.) 

II. For containing the materials, which are to be submitted to the 
action of heat in a wind furnace, vessels called crucibles are em- 
ployed. They are most commonly made of a mixture of fire-clay 
and sand, occasionally with the addition of plumbago, or black lead. 
The Hessian crucibles are best adapted for supporting an intense 
heat without melting ; but they are liable to crack when suddenly^ 
heated or cooled. The porcelain ones,* made by Jifessrs. Wedg- 
wood, are of much purer materials, but are still more apt to crack 
on sudden changes of temperature ; and, when used, they should, 
therefore, be placed in a common crucible of larger size, the interval 
bein^ filled with sand. The black lead crucibles resist very sudden 
changes of temperature and may be repeatedly used ; but they are 
destroyed when some saline substances (such as nitre) are melted 
in them, and. are consumed by a current of air. For certain pur- 
poses, crucibles are formed of pure silver or platina. Their form 
varies considerably, as will appear from inspecting plate vi. figs. 49, 
50, 51, anil 54. It is necessary, in all cases, to raise them from the , 
bars of the grate, by a stand, fig. 53, a or b. For the purpose of sub- 
mitting substances to the continued action of a red heat, and with a 
considerable surface exposed to the air, the hollow arched vessel, 
with a flat bottom, fig. 52, termed a muffle, is commonly used. In 
fig. 69. d, e, the muffle is shown, placed in a furnace for use. 

III. Evaporating vessels should always be of a flat shape, so as 
to expose them extensively to the action of heat. (See a section of 
one, fig. 12.) .They are formed of glass, of earthen ware, and of va- 
rious metals. Those of glass are with difficulty made sufficiently 
thin and are often broken by change of temperature ; but they have 
a great advantage in the smoothness of their surface, and in resisting 
the action of most acid and corrosive substances. Evaporating ves- 
sels of porcelain, or Wedgwood's ware, are next in utility, are loss 
costly, and less liable to be cracked. They are made botti of glazed 
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and unglazed ware. For ordinary purposes the former are to be 
preferred; but the unglazed should be employed when great accuracy 
is required, since the glazing is acted on by several chemical sub- 
stances. Evaporating vessels of glass, or porcelain, are generally 
bedded, up to their edge, in sand (see fig. 65 ;) but those of various 
metals are placed immediately over the naked fire. When the 
glass or porcelain vessel is very thin, and of small size, as a watch 
glass for example, it may be held by means of a small prong, repre- 
sented under fig. 12; or it may be safely placed on the ring of the 
brass stand, plate i. fig. 13, and the flame of an Argand's lamp, cau- 
tiously regulated, may be applied beneath it. A lamp thus support- 
ed, so as to be raised or lowered, at pleasure, on an upright pdlar, 
to which rings, of various diameters, are adapted, will i>e found ex- 
tremely useful ; and, when a strong heat is required, it is adviseable 
to employ a lamp, furnished with double concentric wicks. A lamp 
for burning spirit of wine will, also, be found very convenient, espe- 
cially if provided (as they now generally are) with a glass cap to 
cover the wick when not in use, which, being fitted by grinding, pre- 
vents the waste of the spirit by evaporation. 

IV. In the process of evaporation, the vapour for the most part 
is allowed to escape; but of certain chemical processes, the collec- 
tion of the volatile portion is the principal object. This process is 
termed distillation. It is performed in vessels of various forms and 
materials. The common still is so generally known, that a repre- 
sentation of it in the plates was deemed unnecessary*. It consists 
of a vessel, generally of copper, shaped like a tea-kettle, but without 
its spout and handle. Into the opening of this vessel, instead of a 
common lid, a hollow moveable head is fixed, which ends in a nar- 
row, open pipe. This pipe is received into another tube of lead, which 
is twisted spirally, and fixed in a wooden tub, so that it may be sur- 
rounded by cold water. (Fig. 40, dd.) When the apparatus is to* be 
used, the liquid intended to be distilled is poured into the body of 
the still, and the head is fixed in its place, the pipe, which terminates 
it, being received into the leaden worm. The liquid is raised into va- 
pour, wnich passes into the worm, is there condensed by the sur- 
rounding cold water and flows out at the lower extremity. 

The common still, however, can only be employed for volatilizing 
substances that do not act on copper, or other metals, and is, there- 
fore, limited to very few operations. The vessel, fig. 2, is of glass, 
or earthen ware, and is also intended for distillation. It is termed 
an alembic, and consists of two parts; the body a for containing the 
materials, and the head b by which the vapour is condensed ; the 
pipe c conveying it to a receiver. Vessels, termed retorts, however, 
are more generally used. Fig. 1, a shows the. common form, and 
fig. 13, a represents a stoppered, or tubulated retort Retorts are 
made of glass, of earthen ware, or of metal. When a liquid is to 
be added at distant intervals during the process, the best contrivance 
is that shown fig. 26, a, consisting of a bent tube, with a funnel at 

* See Aikin's Chera. Diet. pi. ii, fig", 31. 
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the upper end. When the whole is introduced at first, it is done 
either through the tubulure, or, if into a plain retort, through the 
funnel, fig. 10. 

To the retort, a receiver is a necessary appendage ; and this may 
either be plain, fig. 1, b, or tubulated, as shown by the dotted lines 
at c. To some receivers a pipe is added (fig. 13, b,) which may enter 
partly into a bottle beneath. This vessel, which is principally useful 
for enabling us to remove the distilled liquid, at' different periods of 
the process, is termed a quilled receiver. For some purposes, it is 
expedient to have the quilled part accurately ground to the neck of 
the bottle, c, which would then be furnished with a tubulure, or se- 
cond neck, having a ground stopper, and should be provided, also, 
with a bent tube, to be occasionally applied, for conveying away any 
gases that may be produced. The condension of the vapour is 
much facilitated, by lengthening the neck of the retort with an adop- 
ter (fig. 11,) the wider end of which slips over the retort neck, while 
its narrow extremity is admitted into the mouth of the receiver. 
(See fig. 63.) 

Heat may be applied to the retort in several modes. When the 
vessel is of earthen ware, and when the distilled substance requires 
a strong heat to raise it into vapour, the naked fire is applied, as 
shown fig. 63. Glass retorts are generally placed in heated sand 
(fig. 59); and, when of a small size, the flame of an Argand's lamp, 
cautiously regulated, may be conveniently used (fig. 13.) 

In several instances, the substance raised by distillation is partly 
a condensible liquid, and partly a gas, which is not condensed tifl 
it is brought into contact with water. To effect this double purpose, 
a series of receivers, termed Woulfe's •Apparatus, is employed. TJie 
first receiver (b, fig, 30) has a right-angled glass tube, open at both 
ends, fixed into its tubulure ; and the other extremity of the tube is 
made to terminate beneath the surface of distilled water, contained, 
as high as the horizontal dotted line, in the three-necked bottle c. 
From another neck of this bottle, a second pipe proceeds, which 
ends, like the first, under water, contained in a second bottle d. 
To the central neck a straight tube, open at both ends, is fixed, so 
that its lower end may be a little beneath the surface of the liquid. 
Of these bottles any number may be employed that is thought ne- 
cessary. 

The materials being introduced into the retort, the arrangement 
completed, and the joints secured in the manner to be presently 
described, the distillation is begun. The condensible vapour collects 
in a liquid form in the balloon b, while the evolved gas passes through 
the bent pipe, beneath the surface of the water in c, which continues 
to absorb it till saturated. When the water of the first bottle can 
i". absorb no more, the gas passes, uncondensed, through the second 

right angled tube, into the water of the second bottle, which, in its 
turn, becomes saturated. Any gas that may be produced, which is 
not absorbable by water, escapes through the bent tube q> and may 
be collected, if necessary. 
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Supposing the bottles to be destitute of the middle necks, and, 
consequently, without the perpendicular tubes, the process would be 
liable to be interrupted by an accident : for if, in consequence of a 
diminished temperature, an absorption or condensation 01 gas should 
take place, in the retort a, and, of course, in the balloon b, it must 
necessarily ensue that the water of the bottles c and d would be for- 
ced, by the pressure of the atmosphere, into the balloon, and possibly 
into the retort ; but with the addition of the central tubes, a sufficient 
quantity of air rushes through them to supply any accidental vacuum. 
This inconvenience, however, is still more conveniently obviated by 
Welther's tube of safety (fig. 31, 6,) which supersedes the expediency 
of three-necked bottles. The apparatus being adjusted, as shown by 
the figure, a small quantity of water is poured into the funnel, so as 
to about half fill the ball b. When any absorption happens, the fluid 
rises in the ball, till none remains in the tube, when a quantity of 
air immediately rushes in. On the .other hand, no gas can escape, 
because any pressure from within is instantly followed by the for- 
mation of a high column of liquid in the perpendicular part, which 
resists the egress of gas. This ingenious invention I can recommend, 
from ample experience of its utility. 

Very useful alterations in the construction of Woulfe's apparatus 
have been contrived also by Mr. Pepys and Mr. Knight. That of 
the former is shown (fig. 32,) where the balloon 6 is surmounted by 
a vessel accurately ground to it, and furnished with a glass valve, 
resembling that affixed to Nooth's apparatus. This valve allows 
gas to pass freely into the vessel c, but prevents the water which it 
contains from falling into the balloon. Mr. Knight's improvement 
is described, and represented in a plate, m the Philosophical Maga- 
zine, vol.. xx*. ' . . % 

When a volatile substance is* submitted to distillation, it is ne- 
cessary to prevent the escape of the vapour through the junctures of 
the vessels ; and this is accomplished by the application of lutes. The 
most simple method of confining the vapour, it is obvious, would be 
to connect the places of juncture accurately together by grinding ; 
and accordingly the neck of the retort is sometimes ground to the * 
mouth of the receiver. This> however, adds too much to the expense 
of apparatus to be generally practised. 

When the distilled liquor has no corrosive property (such as 
water, alcohol, ether, &c.) slips of moistened bladder, or of paper, or 
linen, spread with flour paste, white of egg, or mucilage of gum ara- 
ble, sufficiently answer the purpose. The substance which remains, 
after expressing the oil from bitter almonds, and which is sold under 
the name of alinond-meal, or powder, forms a useful lute, when mix- 
ed, to the consistency of glaziers' putty, with water or mucilage. % 

* Another modification of this apparatus, by Dr. Murray, is represented in 
Nich. Journ. 8vo. vol. iii. or in Murray's System of Chemistry, vol. i. pi. v. fig. 
40. Fig. 41 of the same plate exhibits a cheap and simple form of this appa- 
ratus, contrived by the late Dr. Hamilton, and depicted originally in his trans- 
lation of Berthollet on Dyeing. Mr. Burkitt's improvement of this apparatus ' 
may be seen in Nicholson's Journal, 4to. vol. v. 349. 
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For confining the vapour of acid, or highly corrosive substances, the 
fat lute is well adapted, it is formed by beating perfectly dry and 
finely sifted tobacco pipe-clay, with painters' drying oil, to such a 
consistence that it may be moulded by the hand. The same clay, 
beat up with as much sand as it will bear, without losing its tenacity, 
with the addition of cut tow, or of horse-dung, and a proper quantity 
of water, furnishes a good lute, which has the advantage of resisting 
a considerable heat, and is applicable in cases where the fat lute 
would be melted or destroyed. Various other lutes are recommen- 
ded by chemical writers ; but the few that have, been enumerated I 
find to be amply sufficient for every purpose. 

On some occasions, it is necessary to protect the retort from too 
sudden changes of temperature, by a proper coating. For glass re- p 
« torts, a mixture of moist common clay, or loam, with sand, and cut 
shreds of tow or flax, may be employed. If the distillation be per- 
formed by a sand heat, the coating needs not be applied higher than 
that part of the retort which is bedded in sand ; but if the process be 
performed ih a wind furnace (fig. 63), the whole body of the retort 
and that part of the neck also which is exposed to heat, must be care- 
fully coated. To this kind of distillation, however, earthen retorts 
. are better adapted ; and they may be covered with a composition 
originally recommended by Mr. Willis. Two ounces of borax are 
to be dissolved in a pint of boiling water, and a sufficient quantity of 
slaked lime added, to give it the thickness of cream. This is to be 
applied by a painter's brush, and allowed to dry. Over this a thin 
paste is afterwards to be applied, formed of slaked lime and com- 
mon linseed-oil, well mixed and perfectly plastic. In a day or two 
the coating will be sufficiently dry to allow the use of the retort. 

For joining together the parts of iron vessels, used in distillation, 
a mixture of the finest China clay, with solution of borax, is well 
adapted. In all cases, the different parts of any apparatus made of 
iron should be accurately fitted by boring and grinding, and the 
above lute is to be applied to the part winch is received into an 
aperture. This will generally be sufficient without any exterior 
luting; otherwise the lute of clay, sand, and flax, already described, 
may be used. 

I In every instance, where a lute or coating is applied, it is advisea- 

ble to allow it to dry before the distillation is begun ; and even the 
fat lute, by exposure to the air during one or two days after its ap- 
plication, is much improved in its quality. The clay and sand lute 
is perfectly useless, except it be previously quite dry. In applying 
a lute, the part immediately over the juncture should swell outwards, 
and its diameter should be gradually diminished on each side. (See 
fig. 13, where the luting is sliown, applied to the joining of the retort 
and receiver.) 

Beside the apparatus already described, a variety of vessels and 
instruments are necessary, having little resemblance to each other, 
in the purposes to which they are adapted. Glass vessels are requir- 
Vol. I— E 
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ed for effecting solution, which often requires the application of 
heat, and sometimes for a considerable duration. In the latter ease* 
it is termed digestion, and the vessel, fig. 4, called a matrass, is the 
most proper for performing it. When solution is required to be 
quickly effected, the bottle, fig. 5, with a rounded bottom, may be 
used ; or a common Florence oil flask serves the same purpose ex- 
tremely well, and bears, without cracking, sudden changes of tem- 
perature. For precipitations, and separating liquids from precipi- 
tates, the decanting-jar (fig. 14), will be found useful; or, if pre- 
ferred, it may be shaped as in fig. 26, /. Liquids, of different spe- 
cific gravities, are separated by the vessel, fig. 3; the heavier fluid 
being drawn off through the cock b, and air being admitted by the 
removal of the stopper a, to supply its place. Glass rods, of various 
lengths, and spoons of the same material, or of porcelain, are useful 
for stirring acid and corrosive liquid^ ; and a. stock of cylindrical 
tubes, of various sizes, is required for occasional purposes. It is 
necessary also to be provided with a series of glass measures, gradu- 
ated into drachms, ounces, and pints. The small tube, fig. 15, call- 
ed a dropping tube, which is open at each end and blown in the 
middle into a ball, will be found useful in directing a fine stream of 
water upon the edges of a filtre, or any small object. The same 
purpose may, also, be very conveniently effected by fixing a piece of 
glass tube of small bore, two or three inches long, and bent at one 
end to an obtuse angle, into a hole bored in a cork, which may be 
used as the, stopple of an eight ounce vial filled with water, fig. 25, a. 
On inverting the vial, and grasping the bottom part of it, the warmth 
of the hand expels either a few drops or a small stream of water, 
which may be directed upon any minute object. When the flow 
ceases, it may be renewed, if required, by setting the bottle, for. a 
moment, with its mouth upwards (which admits a fresh supply of 
cool air), and then proceeding as before. 

For the drying of precipitates, and other substances, by a heat 
not exceeding 212°, a very useful apparatus is sold in London. It 
is represented, supported by the ring of a lamp-stand, by fig. 27. 
The vessel a is of sheet-iron or copper japanned and hard-soldered j 
c is a conical vessel of very thin glass, having a rim, which prevents 
it, when in its place, from entirely slipping into a ; and d is a move- 
able ring, which keeps the vessel c in its place. When the appara- 
tus is in use, water is poured into a about as high as the dotted 
line ; the vessel c, containing the substance to be dried, is im- 
mersed in the water, and secured by the ring d ; and the whole ap- 
paratus set over an Argand's lamp. The steam escapes by means 
of the chimney b, through which a little hot water may be occasion- 
ally poured, to supply the waste by evaporation. By changing the 
shape of c to the segment of a sphere, still retaining the rim, 1 have 
found it a most convenient vessel for evaporating fluids. 

Accurate beams and scales, of various sizes, with corresponding 
weights, some of which are capable of weighing several pounds, 
while the smaller size ascertains a minute fraction of a grain, are es- 
sentialinstruments in the chemical laboratory. So also are mor- 
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tars of different materials, such as of glass, porcelain, agate, and 
metal. Wooden stands, of various kinds, for supporting receivers, 
should be provided*. For purposes of this sort, and for occasionally 
raising to a proper height any article ofapparatus, a series of blocks, 
made of well seasoned wood, eight incnes (or any other number) 
square, and respectively, eight, four, two, one, and half an inch in 
thickness, will be found extremely useful ; since, by combining 
them in different ways, thirty-one different heights may be ob- 
tained. 

The blow-pipe is an instrument of much utility in chemical re- 
searches. A small one, invented by Mr. Pepys, with a flat cylin- 
drical box for condensing the vapour of the breath, and for contain- 
ing caps, to be occasionally applied with apertures of various sizes, 
is perhaps the most commodious formt. * One of a much smaller 
size, for carrying in the pocket, has been contrived by Dr. Wollas- 
tonj. A blow-pipe, which is supplied with air from a pair of double 
bellows, worked by the foot §, may be applied to purposes that re- 
quire both hands to be left at liberty, and will be found useful in 
blowing glass, and in bending tubes. The latter purpose, however, 
may be accomplished by holding them over an Argand's lamp with 
double wicks. Occasionally, when an intense heat is required, the 
flame of the blow-pipe, instead of being supported by the mouth, may 
be kept up by a stream of oxygen gas, expelled from a bladder or 
from a gas-holder ||. The blow-pipe invented by Mr. Brooke, con- . 
sists of a small square box of copper or iron, into which air is forced 
by a condensing syringe, and from which it is suffered to rush, 
through a tube of very small aperture, regulated by a stop-cock, 
against the flame of a lamp or candle % By means of a screw ad- 
ded to the syringe, the receiver may be filled with oxygen gas, or, as 
will be described in chap. v. sect. 5, with a mixture 01 hydrogen and 
oxygen gases. Blow pipes on this construction may be had of Mr. 
Newman, and of most of the other makers of philosophical instru- 
ments. 

In the course of this work, various other articles ofapparatus will 
be enumerated, in detailing the purposes to which they are adapted, 
and the principles on which they are constructed. It must be re- 
membered, however, that it is no part of my object to describe every 
ingenious and complicated invention, which has been employed in 
the investigation 01 chemical science : but merely to assist tne stu- 
dent in attaining apparatus for general and ordinary purposes. For 
such purposes, and even for the prosecution of new and important 

* See Aikin's Chem. Diet. pi. iv. fig. 59, e. 

f See Aikin's Chem. Diet. pi. vii. fig. 71, 72,73. 

$ It is described in Nich.Journ. xv. 284. 

§ Phil. Mag. xliii. 280. 

|| See a representation of the apparatus for this purpose, m the Chemical % 

Conversations, pi. ix. 

\ Thomson's Annals, vii, 367 \ or, Journal of Science and the Arts, i. 65. 
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inquiries, very simple means are sufficient; and some of the most 
interesting chemical facts maybe exhibited and even ascertained, 
with the aid merely of Florence flasks, of common vials, and of 
wine glasses. In converting these to the purposes of apparatus, a 
considerable savins of expense will accrue to the experimentalist ; 
and he will avoid the encumbrance of various instruments, the value 
of which consists in show, rather than in real utility. 

In the selection of experiments, 1 shall generally choose such as 
may be undertaken by persons not possessed of an extensive chemi- 
cal apparatus. On some occasions, however, it may be necessary, 
in order to complete the series, that others should be included, re- 
quiring, for their performance, instruments of considerable nicety. 
The same experiment may, perhaps, in a few instances, be repeat- 
edly introduced in illustrations of different principles ;but this repe- 
tition will be avoided as much as possible. Each experiment will be 
preceded by a brief enunciation of the general truth which it is in- 
tended to illustrate. 



CHAPTER II. 

OF CHEMICAL AFFINITY". 



All bodies, composing the material system of the universe, have 
a mutual tendency to approach each other, whatsoever may be the 
distances at which they are placed. The operation of this force ex- 
tends to the remotest parts of the planetary system, and is one of the 
causes that preserve the regularity of their orbits. The smaller bo- 
dies, also, that are' under our more immediate observation, are in- 
fluenced by the same power, and fall to the Earth's surface when not 
prevented by the interference of other forces. From these facts, the 
existence of a property has been inferred, which has been called 
attraction, or more specifically, the attraction of gravitation. Its 
nature is entirely unknown to us ; but some of its laws have been 
investigated, and successfully applied to the explanation of phenome- 
na. Of these, the most important are, that the force of gravity acts 
on bodies directly in proportion to the quantity of matter in each ; 
and that it decreases in the reciprocal proportion of the squares of 
the distances. 

From viewing bodies in the aggregate, we may next proceed to 
contemplate thern as composed of minute particles. , Of the nature 
of these particles, we have no satisfactory evidence. It is probable 
that they consist of solids, which are incapable of mechanical divi- 
sion, but are still possessed of the dimensions of length, breadth, and 
thickness. In simple bodies, the particles must be all of the same 
nature, or homogeneous. In compound bodies, we are to under- 
stand, by the term part teles, the smallest parts into which bodies can 
be resolved without decomposition. The word atom has of late 
been revived, to denote both these kinds of particle; and we may, 
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therefore, speak, with propriety, of simple atoms and of compound 
atoms. When two atoms of different kinds unite to form a third or 
compound atom, we may term the two first component atoms ; and 
if these have not been decomposed, thej may be called elementary 
or primary atoms. 

The atoms or particles of bodies are also influenced by the force 
of attraction, but not unless when placed in apparent contact. 
Hence a distinction has been made between gravitation, and that 
kind of attraction which is effective only at insensible distances. 
, The latter has been called contiguous attraction or affinity ; and 
it has been distinguished, as it is exerted between particles of mat- 
ter, of the same kind, or between particles of a different kind. 

By the affinity of aggregation the cohesive affinity, or more sim- 
ply cohesion, is to be understood that force or power, by which 
particles or atoms of matter of the same kind attract each other, the 
only effect of this affinity being an aggregate or mass. Thus a 
lump of copper may be considered as composed of an infinite num- 
ber of minute particles or integrant parts, each of which has precise- 
ly the same properties, as those that belong to the whole mass. 
These are united by the force of cohesion. But if the copper be 
combined with another metal (such as zinc), we obtain a compound 
(brass), the constituent parts of which, copper and zinc, are com- 
bined by the power of chemical affinity. In simple bodies, there- 
fore, cohesion is the only force exerted between these particles. But 
in compound bodies, we may distinguish the force, with which the 
component atoms are united, from that. which the compound atoms 
exert towards each other; the former being united by chemical affin- 
ity, and the latter by the cohesive attraction* 



SECTION I. 

Of Cohesion, Solution, and Crystallization. 

The cohesive affinity is a property, which is common to a great 
variety of bodies. It is most strongly exerted in solids ; and in 
these it is proportionate to the mechanical force required for effec- 
ting their disunion. In liquids, it acts with considerably less ener- 
gy ; and in aeriform bodies we have no evidence that it exists at all ; 
for their particles, as will afterwards be shown, are mutually repul- . 

sive, and, if not held together by pressure, would probably separate 
to immeasureable distances. Its force is not only different among 
different bodies, but in various states of the same body. Thus in the 
cohesion of certain metals (steel for instance), important changes are | 

produced by the rate of cooling, by hammering, and by other mecha- q 

nical operations. Water, also, in a solid state, has considerable co- 
hesion, which is much diminished when it becomes liquid, and is 
entirely destroyed when it is changed into vapour. 
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The most important view, in which the chemist has to consider 
cohesion, is that of a force either counteracting or modifying chemi- 
cal affinity; for the more strongly the particles of any body are 
united by this power, the less are they disposed to enter into combi- 
nation with other bodies. In many cases, a very powerful affinity 
Existing between two substances may be rendered wholly inefficient, 
by the strong cohesion of one or both of them. Hence it has been re- 
ceived as an axiom, that the affinity of composition is inversely pro- 
portionate to the cohesive affinity. To the language however in which 
this axiom is expressed, it has been justly objected, that it implies an 
accuracy of proportion between the forces of cohesion and of chemi- 
cal affinity, which cannot be proved to exist; since all that can* truly 
be affirmed is, in general terms, that the affinity of composition is 
less effective, as the attraction of cohesion is stronger. 

The cohesion of bodies may be overcome, 1st, by mechanical op- 
erations, as by rasping, grinding, pulverising, and other modes of di- 
vision which are generally employed as preliminary steps to chemi- 
cal processes. In some instances, even a minuter division of bodies 
is necessary, than can be accomplished by mechanical means; and 
resource is then had to precipitation. Silica, for example, in the 
state of rock crystal, may be boiled for a lona time in liquid potash, 
without any appearance of chemical action. It may even be bruised 
to the finest powder, without being rendered sensibly soluble. Rut 
when first precipitated from a state of chemical solution, it is readily 
dissolved by that menstruum. 

2dly. Cohesion may be contracted by heat, applied so as to melt 
one .or both of the bodies, if fusible ; or to raise them into vapour, 
if volatile. Lead and sulphur contract no union, till one or both 
of them is melted by heat. Arsenic and sulphur are united most ef- 
fectually, by bringing them into contact, when both are in a state of 
vapour. 

Sdly. Cohesion may be counteracted by solution ; and this is so 
general a condition ot chemical union, that it was formerly received 
as an axiom, that bodies do not act on each other, unless one or both 
are in a state of solution ; a principle, to which the progress of che- 
mical science has since discovered many exceptions. 

The term solution is applied to a very extensive class of pheno- 
mena. When a solid disappears in a liquid, or when a solid or li- 
quid is taken up by an aeriform body, if the compound exhibit per- 
fect transparency, we have, in each instance, an example of solution* 
The expression is applied, both to the act of combination, and to the 
result of the process. When common salt, such as is used in cook- 
ery, is agitated with water, it disappears ; in other words, its solu- 
tion takes place ; and we also term the liquid which is obtained, a 
solution of salt in water. This is one of the simplest cases that can 
be adduced, of the efficiency of chemical affinity ; for solution is 
always the result of an affinity between the fluid and the solid which 
is -acted upon, sufficient in force to overcome the cohesion of the 
solid. The affinity continues to act, until, at length, a certain point 
is attained, where the affinity of the solid and fluid for each other is 
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overbalanced by the cohesion of the solid, and the solution cannot 
. be carried farther. This point is called saturation, and the fluid ob- 
tained is termed a saturated solution. 

With respect to common salt, water acquires no increase of its 
solvent power bj the application of heat. But there are various salts 
with which water may be saturated at the common temperature of 
the atmosphere, and will yet be capable of dissolving a still farther 
quantity by an increase of its temperature. When a solution, thus 
charged with an additional quantity of salt, is allowed to cool, the 
second portion of salt is deposited in a form resembling its original 
one. 

To recover a salt from its solution, if its solubility does not vary 
with the temperature of the solvent, as in the instance of common 
salt, it is necessary to expel a portion of the fluid by heat. This 
constitutes the process of evaporation. If the evaporation be car- 
ried on very slowly, so that the particles of the solid may approach 
each other in the way best adapted to them, we obtain solid figures, 
of a regular shape, called crystals. The crystallization of a solid 
! may also take place from that state of fluidity which is produced by 

j heat. Thus several of the metals crystallize on cooling from a 

melted state ; and some volatile bodies, as arsenic, assume, when 
condensed from the state of vapour, the shape of regular crystals. 

In the act of separating from the water in which they were dis- 
solved, the crystals of almost all salts carry with them a quantity of 
water, which is essential to the regularity of their form, and cannot 
be expelled without reducing them to shapeless masses. It is term- 
ed their water of crystallization. Its proportion varies in different 
salts ; in some it is extremely small ; in others it constitutes the 
principal part'of the salt, and is even so abundant, as to liquefy them 
on the application of heat, producing what is called the watery fu- 
sion. The water of crystallization is retained also in different salts 
with very different degrees of force. Some crystals, which lose their 
watery ingredient by mere exposure to the atmosphere, are said to 
effloresce. Others, on the contrary, not only hold their water of 
crystallization very strongly, but even attract more; and on expo- 
sure to the atmosphere, become liquid, or deliquiate. The property 
itself is called deliquescence. 
j "When two salts are contained in the same solution, which vary in 

their degree of solubility, and which have no remarkable attraction 
\ for each other, they may be obtained separate. For, by carefully re- 

j ducing the quantity or the solvent by evaporation, the salt whose 

| particles have the greatest cohesion, will crystallize first. If both 

salts are more soluble in hot than in cold water, the crystals will 
: not appear till the liquid cools. But if one of them, like common 

salt, is equally soluble in hot and in cold water, crystals will ap- 
pear, even during the act of evaporation. In this way we may com- 
pletely separate nitre from common salt, the crystals of the latter 
being formed during evaporation ; while those of nitre do not appear 
till some time after the fluid has cooled. 
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Salts, which are thus deposited in regular shapes, generally ad- 
here to the surface of the vessel containing the solution, or to any 
substance, such as pieces of thread or of wood, introduced for the 
purpose of collecting them. But a still more effectual way of in- 
ducing crystallization is to immerse, in the solution, a crystal of the 
same kina with that which we expect to be formed, Trie crystal, 
thus exposed, receives successive additions to its several surfaces, 
and preserves its form, with a considerable addition to its magni- 
tude: This curious fact was originally noticed by Le Blanc, who 
has founded on it a method of obtaining large and perfect crystals. 
In some instances, the affinity of a salt for its solvent is so pow- 
erful, that it will not separate from it in the form of crystals ; but 
will yet crystallize from another fluid, which is capable of dissolving 
it, and for which it has a weaker affinity. Pot-ash, for instance, 
cannot be made to crystallize from its watery solution, but will jet 
separate, in a regular form, from its solution in alcohol. 

Every solid, that is susceptible of crystallization, has a tendency 
to assume a peculiar shape. Thus, common salt, when most per- 
fectly crystallized, forms regular cubes ; nitre has the shape of a 
six-sided prism ; and alum that of an octahedron. It has, indeed, 
been alleged, as an objection to the modern theory of crystalliza- 
tion, that minerals, differing essentially in their composition, have 
precisely the same ^primitive form. For example, the primitive 
form of carbonate of lime, and of the compound carbonate of lime 
and magnesia, is, in both, a regular rhomboid, so nearly resembling 
each other, as to have been supposed to be precisely the same. In 
this case, however, Dr. Wollaston has shown, that though the figures 
are similar, yet their angles, on admeasurement by a nice instru- 
ment, differ very appreciably*. But other instances have been since 
brought forward by M. Beudant, in which artificial salts, composed 
of dissimilar ingredients, have the same crystalline form ; and Dr. 
Wollaston has satisfied himself of the accuracy of M. Beudant's re- 
mark, that the mixed sulphates of copper and iron, of zinc and iron, 
and of copper, zinc and iron, assume forms, in which no difference . 
has yet been discovered from that of simple sulphate of iron alonet. 
He apprehends, indeed, that on minute investigation, some differ- 
ence will be found, either in the angles or linear measures of those 
different salts ; but till this has been established, the facts, as they 
stand, must be acknowledged to be exceptions to the principle, that 
identity of crystalline form is necessarily connected ivith identity 
vf chemical composition. In the instances which have been given, 
the perfect transparency of the crystals forbids our considering 
them as an intermixture of foreign matter grouped together by sul- 
phate of iron ; and this explanation is, also, irreconcileable with the 
tact, discovered by Dr. Wollaston, that a mixed solution of sul- 
phates of zinc and copper, in certain proportions, affords crystals 
which, though containing no iron, still agree so nearly in form with 

 Phil. Trans. 1812. f Thompson's Annals, xi. 262. 283. 
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those of sulphate of iron that he could not undertake to point out 
any difference between them. 

It has been long known that the same solid admits of great va- 
rieties of crystalline figure, without any variation of its chemical 
composition. Calcareous spar, for example, appears in six-sided 
prisms, in three or six-sided pyramids, and in many other shapes* 
These varieties are occasioned by accidental circumstances, which 
modify the operation of the force of cohesion. The diversities of 
shape are, on first view, extremely numerous ; and yet, upon a care- 
ful examination and comparison, they are found to be reducible to 
a small number of simple figures, which, for' each individual spe- 
cies, is always the same. 

The attempt to trace all the observed forms of crystals to a few 
simple or primary ones, seems, to have originated with Bergman*. 
In the instance of calcareous spar, this distinguished chemist de- 
monstrated that its numerous modifications may possibly result 
from one simple figure, the rhomb, by the accumulation of which, 
in various ways, crystals of the most opposite forms may be gene- 
rated. This theory he extended to crystals of every kind ; and 
he accounted for the differences of their external figures, by varie* 
ties of their mechanical elements or minute molecules. 

About the same period with Bergman, or immediately afterwards, 
M. Rom& de l'lsie pursued still farther the theory of the structure 
of crystals. He reduced the study of crystallography to principles 
more exact, and more consistent with observation. He classed to- 
gether, as much as he was able, crystals of the same nature. From 
among fhe different forms belonging to the same species, he selected, 
for the primitive form, one which appeared to him to be the most 
proper, on account of its simplicity. Supposing this to be 'trunca- 
ted in different manners, he deduced the other forms, and established 
a certain gradation, or series of passages, from the primitive form 
to complicated figures, which on first view would scarcely appear to 
have any connexion with it. To the descriptions and figures of the 
primitive forms, he added the mechanical measurement of the prin- 
cipal angles, and showed that these angles are constantly the same 
in each variety. It must be acknowledged, however, that the pri- 
mitive forms, assumed by this philosopher, were entirely imaginary, 
and not the result of any experimental analysis. His method was 
to frame an hypothesis ; and then to examine its coincidence with 
actual appearances. On his principles any form might have been 
the primitive one, and any other have been deduced from it. 

It was reserved for the sagacity of the Abb6 Haiiy to unfold the 
true theory of the structure of crystals, and to support it both by 
experimental and mathematical evidence. By the mechanical di- 
vision of a complicated crystal, he first obtains the simple form, and 
afterwards constructs, by the varied accumulation of the primitive 
figure, according to mathematical synthesis, all the observed varie- 
ties of that species. 

* Benrraan's Essays, vol. ii. 
Vol. I— F 
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Every crystal may be divided by means of proper instruments ; 
and, if split in certain directions, presents plane and smooth surfaces. 
If split in other directions, the fracture is rugged, is the mere effect 
of violence, and is not guided by the natural joining of the crystal. 
This fact had been long known to jewellers and lapidaries; and an 
accidental observation of it proved* to the Abbfc Haiiy, the key of 
the whole theory of crystallization. By the skilful division of a 
six-sided prism of calcareous spar, he reduced it to a rhomb, precisely 
resembling that which is known under the name of Iceland crystal. 
Other forms of calcareous spar were subjected to the same operation ; 
and, however different at the outset, finally agreed in yielding, as 
the last product, a rhomboidal solid. v It was discovered also by 
Haiiy, that if we take a crystal of another kind (the cubic fluor spar 
for instance,) the nucleus, obtained by its mechanical division, will 
have a different figure, viz. an octahedron. Other crystallized bo- 
dies produce still different forms ; ; which are not, however, very nu- 
merous. Those which have hitherto been discovered, are reducible 
to six ; the parrallelopipedon, which includes the cube, the rhomb, 
and all the solids which are terminated by six faces, parallel two 
and two ; the tetrahedron ; the octahedron ; the regular hexahedral 
prism ; the dodecahedron with equal and similar rhomboidal planes ; 
and the dodecahedron with triangular planes. 

The solid of the primitive form or nucleus of a chrystal, obtained 
by mechanical division, may be subdivided in a direction parallel to 
its different faces. All the sections thus produced being similar, the 
resulting solids are precisely similar in shape to the nucleus, and 
differ from it only in size, which continues to decrease as the divi- 
sion is carried farther. To thid division, however, there must be a 
limit, beyond which we should come to particles so small, that they 
could no longer be divided. At this term, therefore, we must stop : 
and to these last particles, the result of an analysis of the primitive 
nucleus, and similar to it in shape, Haiiy has given the name of 
the integrant molecule. ' If the division of the nucleus can be car- 
ried on in other directions than parallel to its faces, the integral mol- 
ecule may then have a figure different from that of the nucleus. 
The forms, however, of the integrant molecule, which have hitherto 
been discovered, are only three ; the tetrahedron, the simplest of 
pyramids ; the triangular prism, the simplest of prisms ; and the 
parallelopipedon, including the cube and rhomboid, the simplest of 
solids which have their faces parallel two and two. With respect to 
octahedral crystals, there is a difficulty, whether the octahedron, or 
tetrahedron, is to be adopted as the primitive form; and, which- 
soever be chosen, since neither of them can fill space without leaving 
vacuities, it is not easy to conceive any arrangement, by which the 
particles will remain at rest. To obviate this difficulty, Dr. Woll- 
aston has suggested that, in such instances, the elementary particles 
may be perfect spheres ; and by the due application of spheres to each 
other, he has shown^that a variety of crystalline forms may be pro* 
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duced*; viz. the octahedron, the tetrahedron, and the acute rhom- 
boid. If other particles, having the same relative arrangement, be 
supposed to have the shape of oblate spheroids, the regular rhomboid 
will be the resulting figure ; and if the spheroids be oblong instead 
of oblate, they will generate prisms of three or six sides. The cube, 
also, Dr. Wollaston has shown, may be explained bj the aggrega- 
tion of spheroidical particles. 

A method of developing the structure of crystals, by a new pro- 
cess, which appears greatly superior to that of mechanical divisions, 
has been lately described by Mr. Danielt. It consists in exposing any 
moderately soluble salt to the slow and regulated action of a sol- 
vent. A shapeless mass of alum, for instance, weighing about 1500 
grains, being immersed in 15 ounce measures of water, and set by, 
in a quiet place, for a period of three or four weeks, will be found 
to have been more dissolved toward the upper than the lower part, 
and to have assumed a pyramidal form. On further examination, 
the lower end of the mass will present the form of octahedrons and 
I sections of octahedrons, in high relief and of various dimensions. 

L They will be most distinct at its lower extremity, becoming less so 

as they ascend. This new process of dissection admits of extensive 
\ application. Borax, in the course of six weeks, exhibits eight sided 

i prisms with various terminations; and other salts may be made to 

| unfold their external structure by the slow agency of water. Car- 

bonate of lime, carbonate of strontites, and carbonate of barytes, 
give also distinct results, when acted uponrby weak acids ; and even 
amorphous masses of those metals, which have a tendency to assume 
a crystalline form, such as bismuth, antimony, and nickel, when ex- 
posed to very dilute nitric acid, presented at the end of a few days 
distinct crystalline forms. The results of these experiments, when 
minutely traced and investigated, as has been ably done in Mr. 
Daniel's Memoir, afford strong confirmation to the theory, that the 
spheroidical is the true form of the ultimate particles of crystallized 
bodies. 

The primitive form, and that of the integral molecule having been 
experimentally determined by the dissection of a crystal, the next 
step is to discover the law, according to which these molecules are 
arranged, in order to produce, by their accumulation around the 
primitive figure, the great variety of secondary forms* What is 
most important in the discoveries of Hauy, and what constitutes 
in fact the essence of his theory, is the determination of these laws, 
and the precise measurement of their action. He has shown that 
all the parts of a secondary crystal, superadded to the primitive nu» 
cleus, consist of laminae, which decrease gradually by the subtrac- 
tion of one or more layers of integrant molecules; so that theory is 
capable of determining the number of these ranges, and, by a neces- 
sary consequence, the exact form of the secondary crystal* 
By the development of these laws of decrement, Hauy has shown 

* Phil. Trans. 1813, p. 51. 
-J- Jour, of Science and the Arts, i. 24. 
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how, from variations of the arrangement of the integrant molecules, 
a great variety of secondary figures may be produced. Their explan- 
ation, however, would involve a minuteness of detail, altogether un- 
suitable to the purpose of this work ; and I refer therefore, for a 
very perspicuous statement of them, to the first and ninth volumes 
of the Philosophical Magazine. 



SECTION II. 

Of Chemical Affinity, and the General Phenomena of Chemical 

Action. 

Chemical affinity, like the cohesive attraction, is effective only 
at insensible distances ; but it is distinguished from the latter force, 
in being exerted between the particles or atoms of bodies of different 
kinds. The result of its action is not a mere aggregate, having the 
same properties as the separate parts, and differing only by its 
greater quantity or mass, but a new compound, in which the pro- 
perties of the components have either entirely or partly disappeared, 
and in which new qualities are also apparent. The combinations 
effected by chemical affinity are permanent, and are destroyed only 
by the interference of a more powerful force, either of the same or 
of a different kind. 

As a general exemplification of chemical action, we may assume 
that which takes place between potash and sulphuric acid. In their 
separate state, each of these bodies is distinguished by striking pecu- 
liarities of taste*, and by other qualities. The alkali, on being added 
to blue vegetable infusions, changes their colour to green ; and the 
acid turns them red. But if we add the one substance to the other, 
very cautiously and in small quantities, examining the effect of each 
addition, we shall at length attain a certain point, at which the liquid 
will possess neither acid nor alkaline qualities; the taste will be 
converted into a bitter one; and the mixture will produce no effect 
on blue vegetable colours. Here then, the qualities of the consti- 
tuent parts, or at least some of their most important ones, are des- 
troyed by combination. When opposing properties thus disappear^ 
the bodies combined have been said to saturate each other; and 
the precise term, at which this takes place, has been called the point 
of saturation. It is adviseable, however, to restrict this expression 
to weaker combinations, where there is no remarkable alteration of 
qualities, as in cases of solution : and to apply to those results of more 
energetic affinities, which are attended with loss of properties, the 
term neutralization. 

At the same time that the properties of bodies disappear on com- 
bination, other new qualities, both sensible and chemical, are ac- 
quired ; and the affinities of the components for other substances be- 
come in some cases increased, in others, diminished in energy. Sul- 
phur, for example, is destitute of taste, smell, or action on vegetable 
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colours ; and oxygen gas is, in these respects, equally inefficient. 
But the compound of sulphur and oxygen is intensely acid ; the mi- 
nutest portion instantly reddens blue vegetable infusions ; and the 
acid is disposed to enteranto combination with a variety of bodies, 
for which its components evinced no affinity. Facts of this kind suf- 
ficiently refute the opinion of the older chemists, that the properties 
of compounds are intermediate between those of their component 
parts ; for in instances like the foregoing the compound has qualities, 
not a vestige of which can be traced to either of its elements. 

It is not, however, in all cases, that the change of properties is 
so distinct and appreciable by the senses, as in the instances which 
have been just now described. In some examples of chemical uni- 
on, the change is scarcely perceptible to the eye or taste, when the 
chemist is nevertheless certain that combination must have taken 
place. This occurs chiefly" in the mixture of saline solutions with 
each other, where a complete exchange of principles ensues, without 
any evident change of properties. Examples of this kind cannot, 
however, be understood, till the subject .of complex affinity has been 
first elucidated. 

The existence of chemical affinity between any two bodies is in- 
ferred, therefore, from their entering into chemical combination ; 
and that this has happened, a change of properties maybe consider- 
ed as a sufficient proof, even though the change may not be very 
obvious, and may require accurate examination to be perceived 
at all. 

The proof, which establishes the nature of chemical compounds, is 
of two kinds, synthesis and analysis. Synthesis consists in effect- 
ing the chemical union of two or more bodies ; and analysis in se- 
parating them from each other, and exhibiting them in a separate 
state. When we have a compound of two or more ingredients, 
which are themselves compounded also, the separation of the com- 
pounds from each other may be called the proximate analysis of the 
body; and the farther separation of these compounds into their 
most simple principles, its ultimate analysis. Thus the proximate 
analysis of sulphate of potash consists in resolving it into potash 
and sulphuric acid ; and its ultimate analysis is effected by decom- 
posing the potash into potassium and oxygen, and the sulphuric acid 
. into oxygen and sulphur. 

When the analysis of any substance has been carried as far as 
possible, we arrive at its most simple principles, or elements, by 
which expression we are to understand, not a body that is incapa- 
ble .of further decomposition, but only one which has not yet been 
decomposed. The progress of chemical science, for several cen- 
turies past, has consisted in carrying still farther the analysis of 
bodies, and in proving those to be compounded, which had before 
been considered as elementary. 

Beside the alteration of properties, which usually accompanies 
chemical action, there are certain other phenomena, which are ge- 
nerally observed to attend it. 

1st. In almost every instance of chemical union, the specific gra- 
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vity of the compound is greater than might have been inferred from 
that of its components; and this is true both of weaker and more 
energetic combinations. When equal weights of water and sul- 
phuric acid are made to combine, the specific gravity of the result- 
ing liquid is not the mean, but considerably greater than the 
mean. The law extends also td solids. But though general, it is 
not universal ; for in a very few instances, chiefly of aeriform 
fluids, condensation does not attend chemical union. And in the 
combination of metals with each other the reverse even takes place, 
the compound being specifically lighter than might have been ex- 
pected, from the specific gravity of its elements, and their propor- 
tion to each other. , 

2dly. When bodies combine chemically, it may be received as a 
general fact, that their temperature changes. Equal weights of oil 
of vitriol and water, both at the temperature of 50° of Faht., are 
heated, by sudden mixture, to considerably above 212°. In other 
examples, a contrary effect takes place, and a diminished tempera- 
ture, or, in other words, a production of cold, is observed. This is 
all that it is at present necessary to state on the subject, which will 
be more fully considered when we come to treat of caloric. 

Sdly. The forms of bodies are often materially changed by che- 
mical combination. Two solids may, by their union, become fluid ; 
or two fluids may become solid. Solids are also often changed into 
aeriform fluids ; and, in many instances, the union of two airs, or 

fases, is attended with their sudden conversion into the solid state, 
ly long exposure of quicksilver to a moderate heat, we change it 
from a brilliant liquid into a reddish scaly solid ; and by heating 
this solid in a retort, we obtain an aeriformtfluid, or gas, in consider- 
able quantity, and recover the quicksilver in its original form. 

4thly. Change Of colour is a frequent, but not universal concomi- 
tant oi chemical action. In some cases, brilliant colours are de- 
stroyed, as when oxymuriatic acid is made to act on solution of indi- 
go. In other instances, two substances, which are nearly colourless, 
form, by their union, a compound distinguished by beauty of colour, 
as when liquid potash is added to a very dilute syrup of violets. 
Certain colours appear also to belong essentially to chemical com- 
pounds, and to be characteristic of them. Thus 100 parts of quick- 
silver, and 4 of oxygen, invariably give a black compound ; and the 
same quantity, with 8 parts of oxygen, a red compound. 



SECTION III. 

Of the Proportions in which bodies combine ; and of the Atomic 

Theory. 

In the chemical combination of bodies with each other, a few lead- 
ing circumstances deserve to be remarked* 
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1st. Some bodies unite in all proportions; for example, water and 
sulphuric acid, or water and alcohol. 

2dly. Other bodies combine in all proportions, as far as a certain 
point, beyond which, combination no longer takes place. Thus 
water will take up successive portions of common salt, until at 
length it becomes incapable of dissolving any more. In cases df 
this sort, as well as in those included under the first head, combina- 
tion is weak and easily destroyed, and the qualities which belonged 
to the components in their separate state continue to be apparent in 
the compound. 

3dly. There are many examples in which bodies unite in one pro- 
portion only ; and in all such cases the proportion of the elements 
of a compound must be uniform for the species. Thus hydrogen 
and oxygen unite in no other proportions, than those constituting 
water, which, by 'weight, are very nearly 11§ of the former to 88$ 
of the latter, or 1 to 7 j. In cases of this sort, the combination is 
generally energetic ; and the characteristic qualities of the compo- 
nents are no longer observable in the compound. 

4thly. Other bodies unite in several proportions: but these pro- 
portions are definite, and, in the intermediate ones, no combination 
ensues. Thus 100 parts by weight of charcoal combine with 132$ 
of oxygen, or with £65, but with no intermediate quantity ; 1Q0 
parts of manganese combine with 14 of oxygen, or with £8, or with 
42, or with 56, and with those proportions only. 

Now it is remarkable, that when one body enters into combination 
with another, in several different proportions, the numbers indica 
ting the greater proportions are exact simple multiples of that de- 
noting the smallest proportion. In other words, if the smallest pro- 
portion in which B combines with A, be denoted by 10, A may com- 
bine with twice 10 of B, or with three times 10, and soon ; but with 
no intermediate quantities. There cannot be a more striking in- 
stance of this law than that above mentioned, of the compounds of 
manganese with oxygen ; in which the oxygen of the three last com- 
pounds may be observed to be a multiplication of that of the first 
(14), by the numbers 2, 3, and 4. Examples, indeed, of this kind 
have, of late, so much increased in number, that the law of simple 
multiples bids fair to become universal, with respect at least to che- 
mical compounds, the proportions of which are definite. 

Facts of this kind are not- only important in themselves, but also 
on account of the generalizations that have been deduced from 
them ;. for on them Mr. Dal ton has founded what may be termed 
the Atomic Theory of the chemical Constitution of Bodies. Till 
this theory was proposed, we had no adequate explanation of the 
uniformity of the proportions of chemical compounds ; or of the na- 
ture of the cause which renders combination, in other proportions, 
.. impossible. In this place I shall offer only a brief illustration of the 
theory ; for in the course of the work I shall have occasion to apply 
it to the explanation of a variety of phenomena. 

Though we appear, when we effect the chemical union of bodies, 
to operate on masses, yet it is consistent with the most rational 
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view of the constitution of bodies to believe, that it is only between 
their ultimate particles, or atoms, that combination takes place. By 
the term atoms, it has been already stated, we are to understand the 
smallest parts of which bodies are composed. An atom, therefore, 
must be mechanically indivisible, and ot course a fraction of an atom 
cannot exist. Whether the atoms of different bodies be of the same 
size, or of different sizes, we have no sufficient evidence. The pro- 
bability is, that the atoms of different bodies are of unequal sizes ; 
but it cannot be determined whether their sizes bear any regular 
proportion to their weights. We are equally ignorant of their 
shape ; but it is probable, though not essential to the theory, that 
they are spherical. This, however, requires a little qualification. 
The atoms of all bodies probably consist of a solid corpuscle, form- 
ing a nucleus, and of an atmosphere of heat, bj which that corpuscle 
is surrounded ; for absolute contact is never supposed to take place 
between the atoms of bodies. The figure of a simple atom may rea- 
dily,' therefore, be conceived to be spherical. But in compound 
atoms, consisting of a single central atom, surrounded by other 
atoms of a different kind, it is obvious that the figure (contem- 
. plating the solid corpuscles only) cannot be spherical ; yet if we in- 
clude the atmosphere of heat, the figure of a compound atom may be 
spherical, or some shape approaching to a sphere. 

Taking for granted that combination takes place between the 
atoms of bodies only, Mr. DaRon has deduced, from the relative 
weights in which bodies unite, the relative weights of their ultimate 
particles, or atoms. When only one combination of any two ele- 
mentary bodies exists, he assumes, unless the contrary can be proved, 
that its elements are united atom to atom singly. Combinations of 
this sort he calls binary. But if several compounds can be obtained 
from the same elements, they combine, he supposes, in proportions 
expressed by some simple multiple of the number of atoms. The 
following table exhibits a view of some of these combinations : 

1 atom of A -f- 1 atom of B *= 1 atom of C, binary. 

1 atom of A + 2 atoms of B = 1 atom of D, ternary. 

2 atoms of A + 1 atom of B = 1 atom of E, ternary. 

1 atom of A + 3 atoms of B = 1 atom of F, quaternary. 
S atoms of A + 1 atom of B » 1 atom of G, quaternary. 

A different classification of -atoms has been proposed by Berzelius, 
viz. into, lstly, 'elementary atoms ; Sndly, compound atoms.- The 
compound atoms he divides again into three different species, namely, 
1st, atoms formed of only two elementary substances united, or com- 
pound atoms of the first order: 2dly, atoms composed of more than 
two elementary substances ; and these, as they are only found in 
organic bodies, or bodies obtained by the destruction of organic 
matter, he calls organic atoms: 3dly, atoms formed by the union of 
two or more compound atoms ; as for example, the salts; These he 
calls compound atoms of the second order* 

If elementary atoms of different kinds were of the same size, the 
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greatest number of the atoms of A that could be combined with an 
atom of B would be 12; for this is the greatest number of spherical 
bodies that can be arranged in contact with a sphere of the same di- 
ameter. But this equality of size, though adopted by Berzelius, i» 
not necessary to the hypothesis of Mr. Dal ton ; jmd is indeed, sup- 
posed by him not to exist. 

As an illustration of the mode in which the weight of the atoms of 
bodies is determined, let us suppose that any two elementary sub- 
stances, A and B, form a binary compound; tod that they have 
proved experimentally to unite in the proportion, by weight, of & 
of the former to 4 of the latter ; then since according to the hypo- 
thesis, they unite particle to particle, those numbers will express the 
relative weights of their atoms. ' But besides combining atom to atom 
singly, 1 atom of A may combine with 2 of B, or with 3, 4, &c. Or 
1 atom of B may unite with 2 of A, or with 3, 4, &c. When such 
a series of compounds exists, the relative proportion of their ele- 
ments ought necessarily, on analysis, to be proved to be 5 of A to 

4 Qf B; or 5 to (4 + 4 =) 8; or 5 to (4 + 4 + 4») 12, &c; or, 
contrariwise, 4 of B to 5 of A ; or 4 to (5 + 5 =») 10 ; or 4 to (5 + 

5 + 5 =) 15. Between these there ought to be no intermediate com- 
pounds ; and the existence of any such (as 5 of A to 6 of B, or 4 . 
of B to 7 \ of A) -would, if clearly established, militate against the 
hypothesis* 

Fo verify these numbers, it may be proper to examine the combi- 
nations of A and B with some third substance, for example, with C. 
Let us suppose that A and C form a binary compound, in which an- 
alysis discovers 5 parts of A and 3 of C. Then, if C and B are, 
also, capable of forming a binary compound, the relative proportion 
of its elements ought to be 4 of B to 3 of C ; for these, numbers de- 
note the relative weights of their atoms. Now this is precisely the 
method, by which Mr. Dalton has deduced the relative weights of 
oxygen, hydrogen, and nitrogen ; the two first from the known com- 
position of water, and the two last from the proportion of the ele- 
ments of ammonia. Extending the comparison to a variety of other 
bodies, he has obtained a scale of the relative weights of their atoms. 

In several instances, additional evidence is acquired of the ac- 
curacy of the weight, assigned to an element, by our obtaining the 
same number from the investigation of several of its compounds. 
For example : 

1. In water, the hydrogen is to the oxygen as 1 to T'5, . 

2. In olefiant gas, the hydrogen is to the carbon as 1 to 5*65* 
S. In carbonic oxide the oxygen is to the carbon as f*5 to 5*65, 

Whether, therefore, we determine the weight of the atom of car- 
bon, from the proportion in which it combines with hydrogen, or 
with oxygen, we arrive at the same number 5*65; an agreement 
which as it occurs in various other instances, can scarcer^ be an 
accidental coincidence. In a similar manner, 7*5 is deducible, as 
representing the atom of oxygen, both from the combination of that 
li Voi..I—G ' 
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base with hydrogen and with carbon ; and 1 is inferred to be the re- 
lative weight of the atom of hydrogen from the two principal com- 
pounds into which it enters. 

In selecting the body, which should be assumed as unity, Mr. 
Dalton has been induced to fix on hydrogen, because it is that body 
which unites with others in the smallest proportion. Thus, in water, 
we have 1 of hydrogen by weight to 7\ of oxygen in ammonia, 1 of 
hydrogen to 5 of nitrogen ; in carburetted hydrogen, 1 of hydrogen 
to 5*65 of carbon ; and in sulphureted hydrogen, 1 of hydrogen, to 
15 of sulphur. Taking for granted that all these bodies are binary 
compounds, we have the following scale of numbers, expressive ox 
the relative weights of the atoms of their elements: 

Hydrogen 1 

Oxygen . .7*5 

Nitrogen 5*0? 

Carbon 5*65 

Sulphur 15*0 

Drs. Wollaston and Thomson, and Professor Berzelius, on the 
% other hand, have assumed oxygen as the decimal unit, chiefly with 
* a view to facilitate the estimation of its numerous compounds with 
other bodies. This, perhaps, is to be v regretted, even though the 
change may be in some respects eligible, because it is extremely de- 
sirable that chemical writers should employ an universal standard 
of comparison for the weights of the atoms of bodies. It is easy, 
however, to reduce their numbers to Mr. Dal ton's by the rule of 
proportion. Thus as 10 (the number of Drs. Wollaston and Thom- 
son for oxygen) is to 1*32 (their number of hydrogen) so very nearly 
is 7*5 (Mr. Daltori's number for oxygen) to 1 (his number for hy- 
drogen). 

Sir H. Davy has assumed, with Mr. Dalton, the atom of hydrogen 
as unity ; but that philosopher, and Berzelius also, have modified the 
theory, by taking for granted that water is a compound of one pro- 
portion (atom) of oxygen, and two proportions (atoms) of hydrogen. 
This is rounded on the fact, that two measures of hydrogen gas and 
one of oxygen gas, are necessary to form water ; and on the suppo- 
sition, that equal measures of different gases contain equal numbers 
of atoms* And as, in water, the hydrogen is to the oxygen by weight 
as 1 to 7*5, two atoms or volumes of hydrogen must, on this hypo- 
thesis, weigh 1, and one atom or volume of oxygen 7'5 9 or if we de- 
note a single atom of hydrogen by 1, we must express an atom of 
oxygen by 15. It is objectionable, however, to this modification of 
the atomic theory, that it contradicts a fundamental proposition of 
Mr. Dalton, the consistency of which with mechanical principles he 
has fully shown ; namely, that when one combination only of two 
elements exists, as between oxygen and hydrogen, it must be presu- 
med, unless the contrary can be proved, to be a binary one. 

It is easy to determine, in the manner already explained, the re- 
lative weights of the atoms of two elementary bodies, which unite 
only in one proportion. But when one body unites, in different pro- 
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portions, with another, it is necessary, in order to ascertain the 
weight of its atom, that we should know the smallest proportion in 
which the former combines with the latter. Thus, if we have a body 
A, 100 parts of which by weight combine with not less than 30 of 
oxygen, the relative weight of its atom will be to that of oxygen as 
100 to 30; or, reducing these numbers to their lowest terms, as 25 
to 7*5 ; and the number 25 will, therefore, express the relative weight 
of the atom of A.' But if, in the progress of science, it should be 
found, that 100 parts of A are capable of uniting with 15 parts of 
oxygen, then the relative weight of the atom of A must be doubled, 
for, as 100 is to 15, so is 50 to 7 % 5. This example will serve ttf explain 
the changes, that have been sometimes made, in assigning the weights 
of the atoms of certain bodies ; changes, which, it may be observed, 
always consist either in a multiplication, or division, of the original 
weight, by some simple number. 

1 here are (it must be acknowledged) a few cases, in which one 
body combines with another in different proportions ; and yet the 
> greater proportions are not multiples of the less, by any entire num- 

ber. For example, we have two oxides of iron, the first of which 
consists of 100 iron and about 30 oxygen; the second of 100 iron 
and about 45 oxygen. But the numbers 30 and 45 are to each other 
as 1 to 1§. It wul, however, render these numbers (1 and 1 j) con- 
sistent with the law of simple multiples, if we multiply each of them 
by 2, which will change them to 2 and 3 ; and if we suppose that 
there is an oxide of iron (though it has not yet been obtained expe- 
rimentally), consisting of 100 iron and 15 oxygen; for the multipli- 
cation of this last number by 2 and 3, will then give us the known 
oxides of iron. 

In some cases, where we have the apparent anomaly of 1 atom of 
one substance, united with 1$ of another, it has been proposed, by 
Dr. Thomson*, to remove the difficulty, by multiplying both num- 
bers by 2 ; and by assuming that, in such compounds, we have 2 
atoms of the one combined wish 3 atoms of the other. Such combi- 
nations, it is true, are exceptions to a law deduced by Berzelius ; 
that, in all inorganic compounds, one of the constituents is in the 
state of a single atom. But they are in no respect inconsistent with 
the views of Mr. Dalton ; and are, indeed, expressly admitted by 
him to be compatible with his hypothesis, as well as confirmed by 
experiencet. Thus it will appear, in the sequel, that some of the com- 
pounds of nitrogen with oxygen are constituted in this way. 

Several objections have been proposed to the theory of Mr. Dal- 
ton ; but, of these, I shall notice only the most important. 

1. It has been contended, that we have no evidence, when one 
combination only of two elements exists, that it must be a binary 
one ; and that we might equally well suppose it to be a compound 
of two atoms of the one body, with one atom of the other. In answer 
to this objection, we may urge the probability that when two ele- 
mentary bodies A and B unite, the most energetic combination will 
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be that in which one atom of A is combined with one atom of B ; for 
an additional atom of B will introduce a new force, diminishing 
the attraction of those elements for each other, namely, the mutual 
repulsion of the atoms of B ; and this repulsion will be the greater, 
in proportion as we increase the number of the atoms of B. 

2dly. It has been said, that, when more than one compound of 
two elements exist, we have no proof which of them is tne binary 
compound, and which the ternary ; for example, that we might sup- 
pose carbonic acid to be a compound of an atom of charcoal and an 
atom of oxygen, and carbonic oxide to be a compound of an atom of 
oxygen with two atoms of charcoal. To this objection, however, it is 
a satisfactory answer, that such a constitution of carbonic acid and 
carbonic oxide would be directly contradictory of a law of chemical 
combination, namely, that it is attended, in most cases, with an in- 
crease of specific gravity. It would be absurd, therefore, to suppose 
carbonic acid, which is the heavier body, to be only once compounded, 
and carbonic oxide, which is the lighter, to be twice compounded. 
Moreover, it is universally observed, that of chemical compounds, the 
most simple are the most difficult to be decomposed ; ana this being 
the case with carbonic oxide, we may naturally suppose it to be more 
simple than carbonic acid. 

3dly. It has been remarked, that instead of supposing water to 
consist of an atom of oxygen united with an atom of hydrogen, and 
that the atom of the former is 7h times heavier than that of the Ut- 
ter, we might, with equal probability, conclude that, in water, we 
have 7% times more atoms, in number, of oxygen than of hydrogen. 
But this, if admitted, would involve the absurdity, that in a mix* 
ture of hydrogen and oxygen gases, so contrived tnat the ultimate 
atoms of each should be in equal number, seven atoms of oxygen 
should desert all the proximate atoms of hydrogen, in order to unite 
with one at a distance, for which they must necessarily have a less 
affinity. In this case, a less force must overcome a greater ; and, 
finally, only a small number of the atoms of hydrogen would be 
engaged by the atoms of oxygen, the rest remaining in a state of 
freedom. 

It would be claiming too much, however, for the theory of Mr. 
Dal ton, to assert that, in its present state, it is to be considered as 
fully established in all its details, In the further progress of che- 
mical discovery, it is probable that it will receive considerable mo- 
difications, and that the relative weights of the atoms of bodies will, 
in many cases, be essentially changed. The instances, in which the 
theory agrees with the result of analysis, are already too numerous 
to allow them to be considered as accidental coincidences ; and no 
phenomena have hitherto been shown to J>e irreconcileable with the 
hypothesis. Its value and importance, if confirmed by the acces- 
sion of new facts, will be scarcely less felt as a guide to further in- 
vestigations into the constitution of bodies, than as a test of the 
accuracy of our present knowledge ; and the universality of its 
application to chemical phenomena will be scarcely inferior to 
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that of the law of gravitation in explaining the facts of natural phi* 
losophy*. 

A modification of the law of definite proportions, so far as res- 
pects aeriform bodies,, has been proposed by Gay Lussac, namely* 
that they combine in proportions determinable not by weight but by 
volume, the ratios being 1 measure of A to 1 of B, or 1 to 2, or I to 
3, &c. Water, for example, results from the union of 2 volumes of 
hydrogen with 1 volume of oxygen ; muriate of ammonia from 1 vo- 
lume of muriatic acid gas + 1 of ammonia ; nitrous gas from 1 mea- 
sure of oxygen + 1 of nitrogen ; nitrous oxide from 1 oxygen + 2 
nitrogen; nitrous acid from 2 oxygen + 1 nitrogen. In some in- 
stances, as in that of water, this law is not inconsistent with the 
atomic theory ; but in other instances it cannot be reconciled with 
the relative weights assigned to the atoms of certain elementary bo- 
dies. In nitrous gas, for example, which Mr. Dalton conceives to be 
formed by the union of 1 atom of oxygen + 1 atom of nitrogen, 
equal volumes of those gases would give for the relative weights of 
oxygen and nitrogen, numbers differing widely from those derived 
by other methods. The two hypotheses of atoms and of volumes 
cannot, therefore, both be true ; and from seme well ascertained 
exceptions to the latter, it appears to me that the theory of volumes 
will scarcely be found tenable. 

Before dismissing the consideration of the proportions in which 
bodies combine, it will be proper to notice a few general principles, 
which, though they are connected with the atomic theory, have been 
derived from experience. * x 

U When we have ascertained the proportion in which any two or 
more bodies ABC &c. of one class neutralize another body X of a 
different class, it will be found that the same relative proportions of 
ABC &c. will be required to neutralize any other body of the same 
class as X. Thus, since 100 parts of real sulphuric acid, and 68 
(omitting fractions) of muriatic acid neutralize 118 of potash, and 
since 100 of sulphuric acid neutralize 71 of lime, we may infer that 
68 of muriatic acid will neutralize the same quantity (71) of lime. 
The great importance of this law will readily be perceived, not only 
as it enables us to anticipate, but also to correct, the results of an* 
alysis. 

2dly. If the quantities of two bodies, A and B, that are necessary 
to saturate a given weight of a third body X, be represented by q 
and r, these quantities may be called equivalents. 1 hus, in the ex- 
ample above cited, 100 parts of sulphuric acid and 68 of muriatic 
acid, are equivalents of each other. A Table of Equivalents, which 
will be found extremely useful in various calculations, will be given 
in the Appendix. By adapting a table of this sort to a moveable 
scale, on the principle of Counter's sliding rule, Dr. Wollaston has 
lately constructed an instrument, called the Logometric Scale of 

* A perspicuous and able statement of the atomic theory, published by 
Mr. Ewart, in the sixth volume of Thomson's Annals, deserves the reader's 
perusal. 
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Chemical Equivalents, which is capable of solving, with great fa- 
cility, a number of problems, interesting both to the scientific and 
practical chemist*. 



SECTION IV. 

Of Elective Jlffinity. 

An important law of affinity, which is the basis of almost all che- 
mical theory, is, that one body has not the same force of affinity to* 
wards a number of others, but- attracts them unequally. Thus A 
will combine with B in preference to C, even when these two bodies 
are presented to it under equally favourable circumstances. Or, 
when A is united with C, the application of B will detach A from 
C, "and we shall have a new compound consisting of A and B, C be- 
ing set at liberty. Such cases are examples of what is termed in che- 
mistry simple decomposition, by which it is to be understood that a 
body acts upon a compound of two ingredients, and unites with one 
of its constituents, leaving the other at liberty. And as the forces 
of affinity of one body to a number of others vary, this body has been 
metaphorically represented as making an election ; and the affinity 
has been called single elective affinity. Thus, if to the muriate of 
lime, consisting of lime and muriatic acid, we add potash, the muri- 
atic acid exerts a stronger elective affinity for the potash than for 
the lime ; and the lime Falls down in the state of a powder, or is pre- f 

cipitated. Of facts of this kind a great variety have been compre- 
hended in the form of tables, the first idea of which seems to have 
occurred nearly a century ago, to Geoffroy, a French chemist. The 
substance, whose affinities are to be expressed, is placed, at the head 
of a column, and is separated from the rest by a horizontal line. Be- 
neath this line are arranged the bodies, with which it is capable of 
combining, in the order of their respective forces of affinity; the 
substance which it attracts most strongly being placed nearest to it, 
and that, for which it has the least affinity, at the bottom of the co- 
lumn. The affinities of muriatic acid, for example, are exhibited by 
the following plan :— 

MURIATIC ACID. 



Barytes, 

Potash, 

Soda, 

Lime, 

Ammonia, 

Magnesia, 

&c. &c. 



* This instrument may be had, with printed instructions for its use, of Mr. 
Carey, 182, Strand, London ; and its cost is so trifling, that I consider a plate ; 

of it to be quite unnecessary. j 
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Simple decomposition may be expressed also by another form, con- 
trived by Bergman. Thus, the following scheme illustrates the de- 
composition of muriate of magnesia by potash:-— 

Muriate of Potash. 




Muriatic acid. Potash. 

Water at 60°. 
Magnesia. 

 i n  



Magnesia. 

The original compound (muriate of magnesia) is placed on the 
outside and to the left of the vertical bracket. The included space 
contains the original principles of the compound, and also the body 
which is added to produce decomposition. Above and below the 
horizontal lines are placed the results of their action. The point of 
the lower horizontal line being turned downwards, denotes that the 
magnesia falls down or id precipitated ; and the upper line, being 
perfectly straight, shows, that the muriate of potash remains in so- 
lution. If both the bodies had remained in solution, they would 
both have been placed above the upper line ; or, if both had been 
precipitated, beneath the lower one. If either one or both had es- 
caped in a volatile form, this would have been expressed by placing 
the volatilized substance above the diagram, and turning upwards 
the middle of the upper horizontal line. But since decompositions 
vary under different circumstances, it is necessary to denote, by 
the proper addition to the scheme, that the bodies are dissolved in 
water of the temperature of 60°. 

No chemical facts can appear, on first view, more simple or in- 
telligible, than those which are explained by the operation of single 
elective affinity. It will be found, however, on a more minute ex- 
amination, that this force, abstractedly considered, is only one of 
several causes which are concerned in chemical decompositions, and 
that its action is modified, and sometimes even subverted, by cetiE- 
teracting forces. 



SECTION V. 

Of the Causes which modify the Action of Chemical Affinity* 

The order of decomposition is not, as might be inferred from the 
law of elective affinity, invariable'; but, in certain cases, may even 
be reversed. Thus though A may attract B more strongly than 
either A or B is attracted by C, yet, under some circumstances, C 
may be employed to decompose partially the compound A B. 
Again, if we mix together A B and C, using the two first in the pro- 
portions required to neutralize each other, it will be found that A 
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and B have not combined to the exclusion of C, but that we have a 
compound of B with A, and another of B with C, in proportions 
regulated by the quantities of A and C, which have been employed. 
Facts of this kind have been long known to chemists. It had been 
ascertained, for example, before the time of Bergman, that sulphate 
of potash, a salt composed of sulphuric acid and potash, is partly 
decompounded by nitric acid, although the nitric has a weaker af- 
finity than the sulphuric acid for that alkali. Examples of the same 
kind have since been multiplied by Berthollet, who has asserted 
that in the following, as well as in other cases, a substance possess- 
ing* a weaker attraction, displaces another having a stronger, for a 
third body*: 

1. Potash separates sulphuric acid from barytes. 

2. Lime separates sulphuric acid from potash. 

3. Potash separates oxalic acid from lime. 

4. Nitric acid separates lime from oxalic acid* 

5. Potash separates phosphoric acid from lime, 

6. Potash separates carbonic acid from lime. 

7. Soda separates sulphuric acid from potash. 

These facts, and a variety of similar ones, are to be explained, ac- 
cording to the views of Berthollet, on the following principles : 

1. When two substances are opposed to each other with respect 
to a third, as in the foregoing examples, they may be considered as 
antagonist forces ; and they share the third body between them in 
proportion to the intensity of their action. But this intensity, ac- 
cording to Berthollet, depends not only on the energy of the affini- 
ties, but on the quantities of the two bodies opposed to each other. 
Hence a large quantity of one of the substances may compensate a 
weaker affinity, and the reverse. To the absolute weight of a body, 
multiplied by the degree of its affinity, he has given the name of 
mass, a term in some degree objectionable from the different mean- 
ing which is affixed to it in mechanical philosophy. As an illustra- 
tion, let us suppose (what is not accurate in point of fact) that the 
affinity of barytes for muriatic acid is twice as strong as that of pot- 
ash, or that these affinities are respectively denoted by the numbers 
4 and 2. In this case, the same mass will result from 4 parts of 
barytes as from 8 of potash ; because the same product (16) is ob- 
tained in each instance, by multiplying the number indicating the 
affinity into that denoting the quantity ; for 4 (the affinity of 
barytes) multiplied by 4, (the quantity assumed in this example) is 
equal to 16 ; and 2 (the affinity of potash) multiplied by 8 (its quan- 
tity) is also equal to 1 6. In this case, therefore, to divide equally a 
portion of muriatic acid between barytes and potash, these bodies . 

r ' * In each of the examples given in the Table, the body, first mentioned, 
decomposes a compound of the second and third, although its attraction for 
the second is inferior to that of the third. 
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should be employed in {he proportion of 2 of the former to 4 of the 
latter. . 

The influence of quantity explains also the difficulty which is o\h 
served in effecting, in any instance, the total decomposition of a 
compound of two principles by means of a third. The immediate 
effect of a third body C, when added to a compound A B, is to ab- 
stract from B a portion of the substance A ; and consequently a 
portion of B is set at liberty, the attraction of which for A is op- 
posed to that of the uncombined part of C. The farther this de- 
composition is carried, the greater will be the proportion of B» 
which is brought into an uncombined state ; and the more powerful- 
ly will it oppose any farther tendency of C to detach the substance 
A. At a certain point, the affinities of B and C for A will be exact- 
ly balanced, and the decomposition will proceed no farther. In a 
few cases, it is acknowledged by Berthollet, a third body separates* 
the whole of one of the principles of a compound ; but this he sup* 
poses to happen in consequence of the agency of other extraneous 
forces, the nature of which remains to be pointed out. 

2dly. Cohesion is a force, the influence of which over the chemical 
Union of bodies has already been explained in a former section ; and 
other illustrations of its interference will be given, when we con- 
sider the subject of the limitations to chemical combination. 

Sdly. Insolubility is another force, which essentially modifies the 
exertion of affinity. It is to be considered, indeed, merely as the 
result of cohesion, with respect to the liquid in which the effect 
takes place. 

When a soluble substance and an insoluble one are presented, at 
the same time, to a third, for which they have nearly an equal affini- 
ty, the soluble body is brought into the sphere of action with great 
advantages over its antagonist. Its cohesion at the outset is but lit- 
tle, and by solution is reduced almost to nothing ; while that of the 
insoluble body remains the same. The whole of the soluble sub- 
stance also exerts its affinity at once ; while a part only of the in- 
soluble one can oppose its force. Hence the soluble substance may 
prevail, and may attach to itself the greatest proportion of the third 
oody, even though it has a weaker affinity than the insoluble one to, 
the subject of combination. 

Insolubility, however, under certain circumstances, is a force which 
turns the balance in favour of the affinity of one body when oppo- 
sed to the affinity of -another. For example, if to the soluble com- 
pound, sulphate of soda, we add barytes, the new compound, sul- 
phate of barytes, is precipitated the instant it is formed : and being re- 
moved from the sphere of action the soda can exert no effect upon it 
by its greater quantity or mass. For the same reason when soda is 
added to sulphate of barytes, the sulphate is protected from decom- 
position both by its insolubility and by its cohesion. 

These facts sufficiently prove that the order of precipitation, which 

was formerly assumed as the basis of tables of elective affinity, can 

no longer be considered as an accurate measure of that force; and 

that the body, which is precipitated, may in some cases, be superior 

Vol.1.— H ' f . 
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in affinity to the one which has caused precipitation. In these cases, 
a trifling superiority in affinity may be more than counterbalanced 
by the cohesive force, which causes insolubility. 

4thly. Great specific gravity is a force, which must concur with 
insolubility or cohesion in originally impeding combination ; and 
when chemical union has taken place, it must come in aid of affini- 
ty, by removing the new compound from the sphere of action. It i9 
scarcely necessary to enlarge on the operation of a force, the nature 
of which must be so obvious. 

5thly. Elasticity. Cohesion, it has already been stated, may prove 
an impediment to combination ; and on the other hand it is possible 
that the particles of bodies may be separated so widely, as to be re- 
 moved out of the sphere of their mutual attraction. Such appears to 
be the fact with regard to a class of bodies called airs or gases. The ba- 
ses of several of these have powerful attractions for the bases of others, 
and for various liquids, and yet they do not combine on simple ad- 
mixture, but strong mechanical pressure brings their particles suffi- 
ciently near, to be within the influence of their mutual attraction, 
and combination immediately ensues. 

Again, if two bodies, one of which has an elastic and the other a li- 
quid form, be presented at the same time to a solid, for which they 
have both an affinity,* the solid will unite with the liquid in prefer- 
ence to the gas. Or if we add to the compound of an elastic sub- 
stance with an inelastic one, a third body also inelastic, the two lat- 
ter combine to the exclusion of the elastic body. For example, if to 
the compound of potash and carbonic acid we add sulphuric acid, the 
latter acid, acting both by its affinity and its quantity, disengages a 
portion of carbonic acid. This, by its elasticy, is removed from the 
sphere of action, and presents no obstacle to the farther operation of 
the sulphuric acid. Hence, elastic bodies act only by their affinity ; 
whereas liquids act both by their affinity and quantity conjoined. And 
though the affinity of the liquid, abstractedly considered, may be in- 
ferior to the affinity of the elastic body, yet, united with quantity, it 
prevails. In the above instances, the whole of the elastic acid may 
be expelled by the fixed acid ; whereas it has already been observed, 
decomposition is incomplete, if the substance which is liberated 
remain within the sphere of action. 

6thly. Efflorescence is a circumstance which occasionally influen- 
ces the* exertion of affinity ; but this is only a very rare occurrence. 
The simplest example of it is that of lime, and muriate of soda* When 
a paste composed of these two substances with a great excess of lime, 
is exposed, in a moist state, to the air, the lime, acting by its quan- 
tity, disengages soda from the common salt which appears in a dry 
form, on the outer surface of the paste, united with carbonic acid ab- 
sorbed from the atmosphere. In this case, the soda, which is separa- 
ted, being removed from contiguity with the interior part of the mass, 
presents no obstacle to the farther action of the lime, and the de- 
composition is carried farther than it would have been, had no such 
removal happened. 

Tthly. The influence of temperature over chemical affinity & ex- 
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tremely extensive and important ; but at present a very general 
statement only of its effects is required. In some cases an increased 
temperature acts in promoting, and at others in impeding, chemical 
combination : and it materially affects also the order of decomposi- 
tions. 

An increased temperature promotes chemical union by diminish- 
ing or overcoming cohesion. Thus metals unite by fusion, and seve- 
ral salts are more soluble in hot than in cold water. Whenever 
heat is an obstacle to combination, it produces its effect by increas- 
ing elasticity. Hence water absorbs a less proportion of gas at a 
high than at a low temperature. A reduction of the temperature 
of elastic bodies, by lessening their elasticity, facilitates their union 
with other substances. In certain cases, an increased temperature 
has the combined effects of diminishing cohesion and increasing 
elasticity. When sulphur is exposed to oxygen gas, no combina- 
tion ensues, until the sulphur is heated ; ana though the elasticity 
of the gas is thus increased, yet the diminution of cohesion of the 
solid is more than proportionate, and chemical union ensues be- 
tween the two bodies. 

Sthly. The electrical state of bodies has a most important influ- 
ence over their chemical union. This, however, is a subject, of 
which it would be difficult to offer a general view, and for its full 
development, I refer to a subsequent chapter on Ehctro-ch&* 
mistry. 

9thly. Mechanical pressure is another force, which has consider- 
able influence over chemical affinity* With respect to solid bodies, 
its agency is not frequent ; but we iiave unequivocal examples of 
its operation in cases, where detonation is produced by concussion. 
The effects of pressure are chiefly manifested, in producing the com- 
bination of aeriform bodies either with solids, with liquids, or with 
each other ; and in preserving combinations, which have been al- 
ready formed, under circumstances tending to disunite them. 
Chalk, for example, is a compound of lime and carbonic acid ; and 
these bodies, by the simple application of an intense heat, are sepa- 
rable from each other ; but, under strong pressure, a heat may be 
applied sufficient to melt the chalk, without expelling the carbonic 
acid. It is this principle, (of the influence of pressure in opposing 
chemical decomposition,) that is the foundation of Dr. Hutton's in- 
genious Theory of the Earth. 

Such are the most important circumstances, that modify the ex- 
ertion of chemical affinity. Of their influence, sufficient* illustra- 
tions have been given to prove, that in every case of combination and 
decomposition, we are not to consider the force of affinity abstract- 
edly ; but are to take into account the agency of, other powers, as 
cohesion, quantity, insolubility, elasticity, efflorescence, and tem- 
perature. By the action of these extraneous powers, Berthoilet has 
endeavoured to explain certain facts which are not easily understood 
on any other principle. Of these, the most important are, lstly, the 
establishment of proportions in chemical compounds ; and 2dly, the 
modification produced in the affinities of bodies by chemical union. 
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1. Independently of these extraneous forces, Berthol let imagines 
that there are no limits to combination, or that two bodies, which are 
now susceptible of union only in one or in few proportions, might, if 
these forces were annihilated, be united in every proportion. The 
causes which he has assigned, as chiefly regulating proportion, are 
cohesion and elasticity. To take one or the simplest cases, the pro- 
portion, in which a salt can be combined with water, depends on the 
balance between the chemical affinity of the bodies for each other, 
and the cohesive attraction of the salt. In this case, then, cohesion 
is the limiting power. As an example of the influence of this force 
when more energetic affinities are exerted, if we add to diluted sul- 
phuric acid a solution of barytes, a compound is formed, consisting 
of sulphuric acid and barytes, which in consequence of its great in- 
solubility or cohesion, is instantly removed from contact with the 
redundant acid, and with established proportions. 

The agency of elasticity in limiting proportion, may be exempli- 
, fied by the combination . of hydrogen and oxygen. If a mixture of 
the two gases be inflamed, the new compound, water, is imme- 
diately separated, from what is superfluous of both ingredients, 
by its superior density. In other instances, the bases of aeri- 
form substances are combined in various proportions, and in such 
examples, there are several terms of greatest condensation, as in the 
case of oxygen and nitrogen. 

2. Another important part of the theory of Berthollet is, that the 
affinities of a compound are not newly acquired ; but are merely the 
modified affinities of its constituents, the action of which, in their 
separate state, was counteracted by the prevalence of opposing for- 
ces. By combination, these forces are so far overcome, that the af- ; #] 
'finities of the constituents are enabled to exert themselves. 

The action of different affinities existing in one compound, Ber- 
thollet terms resulting affinities, while the individual affinities of 
the constituents he calls elementary affinities. Thus nitric acid acts 
on potash, by an affinity, which results from those of oxygen and 
azote for potash. And as all affinity is mutual, the term resulting 
affinity is applied, also, to that force, with which a simple body acts 
on a compound ; to the affinity for example, which any simple body 
may exert on nitric acid. A simple body, indeed, may exert to- 
wards a compound both an elementary and resulting affinity. If the 
elementary affinity prevails, it will unite only with one of the prin- 
ciples of the compound, as when a simple body, by its affinity for 
oxygen, decomposes nitric acid, and liberates its nitrogen in a sepa- 
rate form. If the resulting affinity be- predominant, the simple bo- 
dy will unite with the whole compound without effecting any dis- 
union of its elements. 

From these views it may be inferred, that we are not, in any case, 
to deny the existence of an affinity between two bodies, merely be- 
cause they do not combine when presented to each other ; for an af- 
finity may exist, but may be suppressed by the prevalence of op- 
posing forces. According to the doctrine of Berthollet, affinity is a 
force exerted by every body towards every other ; even though not 
made apparent by any effect. On this principle, we are able to ex- 
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plain certain phenomena, which are wholly unintelligible on any 
other, and especially those which have been referred to disposing 
affinity. The action of sulphuret of potash, for example, on oxygen 
gas, has been ascribed to the disposing affinity of potash for sul«* 
phuric acid. This, however, is ascribing an affinity to a compound, 
before that compound has existence. It is much more probable, that 
besides the diminishing cohesion of the sulphur, the affinity of pot- 
ash for oxygen has some share in producing the combination. On 
this principle the united affinities of the potash and sulphur for oxy- 
gen (in other words the resulting affinities of the sulpnuret of pot- 
ash) are the efficient causes of chemical union. This explanation, at 
least, does not, like the theory of disposing affinities, involve an ab- 
surdity. 

The theory of Berthollet, however, which promised, on its first 
development, to form a new era in chemical philosophy, has lost 
much of its probability, by the subsequent progress or the science. 
It is directly, indeed, at variance with the doctrine of definite pro- 
portions, which every day gathers strength by the accumulation of 
new and well established facts. It is liable, moreover, to the fol- 
lowing objections. 

1st. It has been shown by Professor Pfaff, of Kiell*, that, in va» 
rious cases, where two acids are brought into contact with one base* 
the base unites with one acid, to the entire exclusion of the other. 
When, for example, to a given weight of lime, quantities of sulphu- 
ric and tartaric acids are put, either of which would exactly satu- 
rate the lime, the sulphuric acid unites with the lime, to the entire 
exclusion of the tartaric. The same evidence of a superior affinity 
of the sulphuric acid over that of the oxalic is obtained, by placing 
those acids in contact with as much oxide of lead, as would exactly 
saturate either of them. Again, comparing the action of two bases 
on one acid, the same law is found to hold good : for when potash 
and magnesia are mixed with just as much sulphuric acid, as is re- 
quired to saturate either of them, the potash seizes the whole of the 
acid, and no part of it unites with the magnesia. Nor can these ef- 
fects be explained by any of those extraneous forces, which Berthol- 
let supposes, in all cases, to regulate chemical combination ; or by 
any principle, but a stronger affinity of sulphuric acid, than of tar- 
taric or oxalic acid, for the different bases ; and of potash, than of 
magnesia, for the same acid. 

2dly. Some of the cases, before quoted from Berthollet, to show 
the reciprocal displacement of two bodies by each other from a third 
(it has been justly observed), are examples, not of single elective af- 
finity, irj which three bodies only are concerned ; but of complex 
affinity, in which the attractions of four bodies are brought into ac- 
tion. In the first case, for example, there is reason to believe, that 
sulphuric acid is displaced from barytes, not by pure potash, but by 
potash which has absorbed carbonic acid from the atmosphere. 

3dly. In other cases, the consideration of the affinities of two 
bodies A and B, for a third C, is complicated with this circum- 

V * 77 Ann. de Chim. p. 259. 
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stance, thai the neutral compound of A and B has an affinity for a * 
farther portion of one of its ingredients. ' If then C be brought into 
contact with the compound A B, we have, acting at the same mo- 
ment, the affinity of C for A, which partly decomposes the com- 
pound A B ; and the affinity of the undecomposed part of A B, for 
that portion of B which is set at liberty. For instance, when nitric 
acid acts on sulphate of potash, some nitrate of potash is formed ; 
and the sulphuric acid, which (is set at liberty, uniting with the un- 
decomposed sulphate of potash, composes a new salt, consisting of 
sulphate of potash with an excess of sulphuric acid. 

4thly. It is a strong objection to the theory of Berthollet that, in 
some cases, decompositions happen, which, according to his views, 
onght not to take place ; and that in others, decompositions do not 
ensue, which the theory would have led us to have anticipated. 

5thly. The theory is objectionable, inasmuch as, in several in- 
stances, properties are supposed to operate, before the bodies exist, 
to which those properties are attributed. It is inconceivable, for 
instance, that the cohesion, or insolubility of sulphate of barytes, 
can have any share in producing the decomposition of sulphate of 
potash by that earth ; for the insolubility of sulphate of barytes can 
nave no agency, till that compound is formed ; which is the very ef- 
fect to be explained. 

Notwithstanding these objections to the theory of Berthollet, when 
carried so far as has been done by its author, in the explanation of 
chemical phenomena, it must still be admitted that the extraneous 
forces, pointed out by that acute philosopher, have great influence 
in modifying the effects of chemical affinity. But these forces are 
entitled only to be considered as secondary causes ; and not as de- 
termining combinations or decompositions, nor as regulating the pro- 
portions in which bodies unite, independently of the superior force 
of chemical affinity. 



SECTION VI. 

Of the Estimation of the Forces of Affinity. 

The affinities of one .body for a number of others are not all of 
the same degree of force. This is all that the present state of our 
knowledge authorises us to affirm ; for we are ignorant how much 
the affinity of one body for another is superior to that of a third. 
The determination of the precise forces of affinity would be an im- 
portant step in chemical philosophy : for its phenomena would then 
be reduced to calculation ; and we should be enabled to anticipate 
the results of experiment That the force of chemical affinitv must 
be prodigiously great, is evident from its effect in preserving the 
combination of water with some bodies {the alkalies for instance) 
when exposed to a violent heat ; notwithstanding its great expan- 
sive force, and though water is not essential to the constitution of 
those bodies. 



S£CT. VI. CHEMICAL AFFINITY, &C. €S 

The observed order of decomposition, it has already been stated, 
does not enable us to assign the order of the forces of affinity ; be- 
cause, in all decompositions, other forces are concerned. We are, 
therefore, obliged to seek some other method of determining the 
problem. Of these, several have been proposed. 

When the surface of one body is brought into contact with ano- 
ther surface of the same kind, as when the smooth surfaces of a divi- 
ded leaden bullet are pressed together, they adhere by the force of 
cohesion, their particles being all of the same kind. JBut when the 
surfaces of different bodies are thus brought into apparent contact, 
it is reasonable to suppose that their adhesion arises from chemical 
affinity, because their particles are of different kinds. Guyton pro- 
posed, therefore, the comparative force, with which different surfa- 
ces adhere, as a competent measure of chemical affinity. His ex- 
periments were made on plates of different metals, of precisely the 
same size and form, suspended by their centres from the arm of a 
sensible balance. The lower surfaces of these plates were succes- 
sively brought into contact with mercury, which was changed for 
each experiment, and the weight was observed, which it was neces- 
sary to add to the opposite scale, in order to detach the several me- 
tals. Those which required the largest weight were inferred to have 
the greatest affinity ; and it is remarkable that the order of affini- 
ties, as determined in this way, correspond with the affinities as as- 
certained by other methods. The following were the results : 

Gold adhered to mercury with a force of 446 grains* 

Silver - - - - - - - 429 

Tin - - 418 

Lead - - 397 

Bismuth ------- 372 

Zinc 204 

Copper ------- 14B 

Antimony ------ 126 

Iron - - - - - - - H5 

Cobalt - - - - - - - 8 

This method, it must be obvious, is of too limited application ta 
be of much utility ; for few bodies have the mechanical conditions* 
which can enable us to subject them to such a test. How, for ex- 
ample, could the affinities of acids for alkalies be examined on this 
principle ? It may be doubted, also, whether in the cases to which 
it may be applied, it does not measure the facility of combination, 
rather than the actual force of affinity. 

To determine the absolute forces of affinity, which one body ex- 
erts towards a number of others, Mr* Kirwan has proposed the quan- 
tity of each which is required to produce neutralization, in other 
words, its equivalent. This he has ascertained by experiment in a 
great variety of instances, a few of which are contained in the fol- 
lowing tables ; the numbers being altered, to accommodate them to 
recent discoveries. 
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lOOParts'of 
iulpetdric acid 100 Parts of 

require for Neutralization potash require 
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194 parts of barytes. 115 of nitric acid 

138 ... of strontites, 93 of carbonic acid. 

118 ... of potash, 84*5 of sulphuric 

78*2 • • of soda. 58 of muriatic. 

71 ... of lime. 

49*2 . . of magnesia., 

43 ... of amonia. 

In judging of the affinities of the same acid for different bases, 
Mr. Kirwan assumed that they are represented by the numbers in- 
dicating the quantities of each base required for neutralization. 
Thus, because 100 parts of sulphuric acid neutralize 194 of barytes, 
and 118 of potash, the affinity of the former is superior to that of 
the latter in the proportion of 194 to 118. So far the inference 
corresponds with the order of decomposition ; for barytes takes sul- 
phuric acid from potash. But if we examine the affinities of potash, 
as represented in the second table, we shall find that, on this prin- 
ciple, they are directly contradictory to fact. Thus the affinity of 
sulphuric acid should be inferior to that of the carbonic ; whereas 
it is well known that the former displaces the latter from all its 
combinations. Mr. Kirwan was, therefore, driven to the necessity of 
establishing a precisely opposite rule in determining the affinities 
of different acids for the same base, and of assuming that they are 
inversely proportionate to the affinity of the saturating acid. Thus 
the affinity ot carbonic acid for potash would be represented by 84'5, 
and that of sulphuric acid 93. . This, however, involves a contradic- 
tion ; since it is implied that a stronger affinity, in one instance, re- 
quires a greater quantity of the saturating principle, as in the rela- 
tion of barytes and potash to sulphuric acid ; and that, in the other, 
it requires a less quantity, as in the instance of the sulphuric and 
carbonic acids with respect to potash. 

Since neutralization is an effect of chemical affinity, which must 
in all cases bear a proportion to its cause, it has been assumed by 
Berthollet, that the substance which, in the smallest quantity, neu- 
tralizes another, is the one possessing the strongest affinity. On 
this principle the affinities of sulphuric acid for different bases, will 
be exactly the reverse of the order established by Mr. Kirwan ; and, 
to that order, which would have been assigned from observed de- 
compositions. Thus ammonia will have a stronger affinity for sul- 
phuric acid, than any of the substances which are placed above in 
the table ; though it is separated, by each of these, from its union 
with that acid. 

It is in the extraneous forces, which have been enumerated as in- 
fluencing chemical affinity, that we are to seek, according, to Ber- 
thollet, for the explanation of this apparent anomaly, and especially 
in the forces of cohesion and elasticity. The elasticity of ammonia, 
for example, turns the balance in favour of magnesia, lime, &c. 
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There is an obvious difficulty, however, in the application of the 
theory. For as the elasticity of ammonia is suppressed by its com- 
bination with sulphuric acid, what, it may be asked, but a superior 
affinity for sulphuric acid, existing in the substances which stand 
above ammonia in the table, can occasion the first commencement 
of decomposition ? The problem, therefore, of determining the ab» 
solute forces of affinity can scarcely be admitted to be solved. Even 
if it were, we should not be able to predict the order of decomposi- 
tion, unless the modifying forces of cohesion, elasticity, &c. could 
be at the same time subjected to precise admeasurement Until 
both these objects are accomplished, the results of chemistry can in 
no case be obtained by calculation, but the science must remain a 
collection of general principles, derived from experiment and in- 
duction. 



SECTION VTI. 

Of Complex Affinity. 

Under the more general name of complex affinity, Berthollet in- 
cludes that which has hitherto been considered as produced by the 
action of four affinities, and which has commonly been denominated 
double elective affinity. It frequently happens that the compound 
of two principles cannot be destroyed either by a third or a fourth 
separately applied ; but if the third and fourth be combined, and 
placed in contact with the former compound, a decomposition or a 
change of principles will ensue. Thus when lime water is added 
to a solution of the sulphate of soda, no decomposition happens, be- 
cause the sulphuric acid attracts soda more strongly than it attracts 
lime. If the muriatic ^cid be applied to the same compound, still 
its principles remain undisturbed, because the sulphuric acid at- 
tracts soaa more strongly than the muriatic. But if the lime and 
muriatic acid, previously combined, be mixed with the sulphate of 
soda, a double decomposition is effected. The lime, quitting the mu- 
riatic acid, unites With the sulphuric ; and the soda, being separa- 
ted from the sulphuric acid,' combines with the muriatic. These 
decompositions are rendered more intelligible by the following di- 
agram, contrived by Bergman. 

Muriate of Soda 



Sulphate 

of 

Soda 



Soda 



78 



115 
V 



Muriatic acid 



<{ 104 



Sulphc acid 71 



Lime 



Muriate 

of 
Lime 



You L-J 



Sulphate of Lime 
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On the outside of the vertical brackets are placed the original 
compounds ; and above and below the diagram, the new compounds. 
The upper line, being straight, indicates that the muriate of soda re- 
mains in solution ; and the middle of the lower line, being directed 
downwards, that the sulphate of lime is precipitated. 

In all cases similar to the foregoing, Mr Kirwan conceives that we 
may trace the operation of two distinct series of affinities. The af- 
finities tending to preserve the original compounds (which in the a- 
bove example are those between sulphuric acid ana soda, and be- 
tween muriatic acid and lime), he terms the quiescent affinities $ be- 
cause they resist any change of composition. On the other hand, the 
affinities, which tend to disunite the original compounds and to pro- 
duce new ones (such as those between muriatic acid and soda, and 
between sulphuric acid and lime), he terms divellent affinities. In 
order that an effect may be produced, the divellent affinities must 
necessarily be superior to the quiescent. Now assuming the 
numbers in Mr. Kirwan's tables to express accurately the forces of 
affinities, the double exchange of principles, which happens in the 
preceding instance, is readily explained. Thus the quiescent affin- 
ities are 

Those of lime to muriatic acid =104 
of soda to sulphuric acid e* 78 

182 

The divellent affinities, opposed to these consist of 

The affinity of soda to muriatic acid =115 

lime to sulphuric acid » 71 

182 

The original compound, therefore, is preserved by a force equiva- 
lent to 182, and the tendencies to produce new compounds are re- 
presented by the number 186. The divellent affinities are, therefore* 
predominant 

The theory of quiescent and divellent affinities, however, though 
highly attractive from its simplicity, and from the facility with 
which it solves certain phenomena, is completely defective in the 
explanation of others. For example, sulphate of potash is decom- 
posed by muriate of barytes. Yet, estimating in the above manned 
the quiescent and divellent affinities, an exchange of principles 
ought not to ensue. The affinities tending to preserve the original 
compound, are those of sulphuric acid for potash =11 8, and of muri- 
atic acid for barytes «285. The divellent affinities are that of mu- 
riatic acid for potash=174 -f* that of sulphuric acid for barytes 
=»194. The quiescent affinities then are 118 + 285 = 403, and 
the divellent 174 + 194 = 368. This leaves a balance of 35 in fa- 
vour of the quiescent affinities; and yet decomposition ensues, when 
the two compounds are brought into contact 
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It must be acknowledged that the numbers, assumed by Mr. Kir- 
wan, do not correspond with the actual forces of affinity. But even 
if they are taken according to the principle assumed by Berth ol let, 
they will not be found universally applicable. The reason of this 
is, that the phenomena produced by complex affinity, like those oc- 
casioned by simple affinity, are materially influenced by the extra- 
neous forces of cohesion, quantity, elasticity, temperature, &c. The 
effect of quantity is shown by the fact, that if two salts be mixed 
together in certain proportions, decomposition will ensue, but not 
if mixed in other proportions. Thus from the mingled solutions of 
two parts of muriate of lime and one of nitrate of potash, we obtain 
muriate of potash ; but not from equal weights. of the two salts. In- 
solubility, or precipitation, has also a considerable influence on the 
result* When this occurs, the influence of quantity is destroyed, 
as in the case of sulphate of potash and muriate of barytes. Elas* 
i ticity, and an increased temperature (which operates by increasing 

j elasticity), and the reverse of this, or a greatly dirninished tem- 

perature, have also a powerful influence in promoting the action 
of complex affinities. Thus of four principles, two of which are 
volatile and two fixed, the two of which are volatile will be dispo- 
| sed to unite, in preference to combining with either of those which 

• are fixed. The nature of the fluid, in which salts are dissolved, has 

also an important influence on their tendency to mutual decompo- 
sition*. Tnus changes take place in the midst of an alcoholic me- 
dium, which do not happen to the same bodies dissolved in watert. 
We have even instances, in which though a compound A B decom* 
poses another compound C D, A uniting with C, and B with D, yet 
(which could not have been expected & priori) the compound A C is 
reciprocally decomposed by D B, and the original compounds A B 
and C D are regenerated^. Hence the phenomena of complex de- 
composition concur^with those of a more simple kind, in proving 
that affinity is not an uniform force, but is materially influenced by 
various modifying circumstances ; and that we cannot confidently 
anticipate results, from comparing the numerical expressions of 
quiescent and divellent affinities. 

One great obstacle to the construction of tables, capable of re- 
presenting the forces of affinity, is the difficulty of ascertaining, with 
precision, the quantities of bodies required for neutralization. Not- 
withstanding ail the care employed by Mr. Kirwan, considerable er- 
rors appear to have crept into the results of his experiments. This 
will sufficiently appear, when they are examined by a test, original- 
ly proposed by Gujton. It must be obvious that if between two 
salts, which are mixed together in solution, decomposition should 
ensue, and the mixture should afterwards be found neutral, the 
quantity of acid, which has quitted one of the bases, must have been 
exactly equivalent to the saturation of the other base, also deserted 
by its acid. If, for example, we mingle the muriate of magnesia and 
sulphate of soda, the mixture continues neutral ; and hence it fol- 

* Ann. ,de Chim. et Phys. iv. 366. * f Dr. Murray on Sea Water. 

See the sect, on Sulphate ofBaryt.es> 



68 CHEMIOAL AFFINITY, &C CHAP. II, 

lows that the muriatic acid, which has quitted the magnesia, must 
have been exactly equal to the neutralization of the soda, deserted 
by the sulphuric acid. But from a calculation, founded on the pro- 
portion of the ingredients of these salts, as established by Mr. Kir- 
wan, it appears that the soda, detached from the sulphuric acid, is ' 
not adequate to the saturation of the muriatic acid. The mixture, 
therefore, ought to be acid ; and since this is contrary to fact, we 
may safely infer that there is an error in the estimation of the in-, 
gredients composing these salts. No tables, indeed, can be correct, 
unless they stand the test of this mode of verification. Such a ta- 
ble has been calculated by Fischer from the experiments of Richter; 
but even this table seems in several respects to be of questionable 
accuracy. I have thought it, however, entitled to a place among the 
tables in the Appendix ; and I shall annex, also, a more correct one* 
the data of which are chiefly supplied by I)r. Wollaston's paper on 
Chemical Equivalents*. 



SECTION VIII. 

Experimental Illustrations of Chemical Affinity, Solution, $\r. 

* 

For these experiments, a few wine glasses, or, in preference, deep 
ale glasses, will be required ; and a Florence flask for performing 
the solutions. 

I. Some bodies have no affinity for each other*— Oil and water, 
mercury and water, or powdered chalk and water, when shaken to- 
gether in a vial, do not combine, the oil or water always rising to 
the surface, and the mercury or chalk sinking to the bottom. 

II. Examples of chemical affinity, and its most simple effect, viz* 
solution. — Sugar or common salt disappears or dissolves in water; 
chalk in dilute muriatic acidt. Sugar and salt are, therefore, said 
to be soluble in water, and chalk in muriatic acid. The liquid in 
which the solid disappears is termed a solvent or menstruum. Chalk 
or sand, on the contrary, when mixed with water by agitation, al- 
ways subsides again. Hence they are said to be insoluble* , 

% III. Influence of mechanical division in promoting the action of 

j| % chemical affinity, or in favouring solution.— Lumps of chalk or 

^ '\ marble dissolve much more slowly in dilute muriatic acid, than 

equal weights of the same bodies in powder. Muriate of lime, or 

N nitrate of ammonia, cast, after liquefaction by heat, into the shape 

^ .of ^Lsolid sphere, is very slowly dissolved ; but with great rapidity 

whafein the state of a powder or of crystals. When a lump of the 

• ~l)eitajPj||)ire fluate of lime is immersed in concentrated sulphuric 

acid, sgSSbily any action of the two substances on each other takes 






* Phil, trans. 1814. 

f I omit, purposely, the distinction between the solution and dissolution, 
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place ; but if the stone be finely pulverized, and then mingled with 
the acid, a violent action is manifested, by the cppious escape 
of vapours of fluoric acid. In the common arts of life, the rasping 
and grinding of wood and other substances are familiar examples. - 
IV. Hot liquids, generally speaking, are more powerful solvents 
than cold oness — To four ounce-measures of water, at the tempera- 
ture of the atmosphere, add three ounces of sulphate of soaa in 
powder. Only part of the salt will be dissolved, even after being 
agitated some time. Apply heat, and the whole of the salt will dis- 
appear. When the liquor cools, aportion of salt will separate again 
in a regular form or in crystals. This last appearance affords an in- 
stance of. crystalization. 

To this law, however, there are several exceptions ; for many salts, 
among which is muriate of soda, or common salt, are. equally, or 
nearly equally, soluble in cold as in hot water. (See the table of 
solubility of salts in water, in the Appendix.) Hence, a hot, and 
saturated solution of muriate of soda does not, like the sulphate, 
. deposit crystals on cooling. To obtain crystals of the muriate, and 
of the other salts which observe a similar law as to solubility, it is 
necessary to evaporate a portion of the water; and the salt will 
then be deposited, even while the liquor remains hot. In general, 
the more slow the cooling, or evaporation, of saline solutions, the 
larger and more regular are the crystals. 

V. A very minute division of bodies is effected by solution. — Dis- 
solve two grains of sulphate of iron in a quart of water, and add 
a few drops of this solution to a wine-glasstull of water, into which 
a few drops of tincture of galls have been fallen. The dilute infu- 
sion of galls will speedily assume a purplish hue. This shows that 
every drop of the quart of water, in which the sulphate of iron was 
dissolved, contains a notable portion of the salt. 

VI. Some bodies dissolve much more readily and copiously than 
others. — Thus, an ounce measure of distilled water will dissolve 
half its weight of sulphate of ammonia, one third its weight of sul- 
phate of soda, one sixteenth of sulphate of potash, and only one 
five-hundredth its weight of sulphate of lime. 

VII. Mechanical agitation facilitates solutions—Into a wine- 
gjlassfull of water, tinged blue with the infusion of litmus, let fall a 
small lump of solid tartaric acid. The acid, if left at rest, even 
during some hours, will, only change to red that portion of the infu- 
sion which is in immediate contract with it. Stir the liquor, and 
the whole will immediately become red. 

VIII. Bodies do not act on each other, unless either one or both be 
in a state of solution, or at least contain water.— 1. Mix some dry 
tartaric acid with dry bi-carbonate of soda, and grind them together 
in a mortar. No combination wilt ensue till water is added, which, 
acting the part of a solvent, promotes the union of the acid and al- 
kali, as appears from a violent effervescence. It has been shown by 
Link* that the water of crystallization, existing in certain salts, acts 

* Thomson's Annals, vii. 426. 
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as free water in occasioning chemical action. For example, acetate 
of lead and sulphate of copper, both in crystals, become green when 
triturated together, a proof of the mutual decomposition of those 
two salts. 

2. Spread thinly, on a piece of tinfoil, three or four inches square, 
some dry nitrate of copper*, and wrap it up. No effect will fol- 
low. Unfold the tinfoil, and having sprinkled the nitrate of copper 
with the smallest possible quantity of water, wrap the tinfoil up 
again as quickly as possible, pressing down the edge closely. Con- 
siderable heat, attended with fumes, will now be excited; and, if 
the experiment has been dexterously managed, even light will be 
evolved. This shows that nitrate of copper has no action on tin, 
unless in a state of solution. 

IX. Bodies^ even when in a state of solution, do not act on each other 
at perceptible distances ; in other words, contiguity is essential to the 
action of chemical affinity.— Thus, when two fluids of different 
specific gravities, and which have a strong affinity for each other, are 
separated by a thin stratum of a third, which exerts no remarkable 
action on either, no combination ensues between the uppermost and 
lowest stratum. Into a glass jar, or deep ale glass, pour two ounce- 
measures of a solution of subcarbonate of potash, containing, in 
that Quantity, two drachms of common salt of tartar. Under this, 
introduce, very carefully, half an ounce-measure of water, holding 
in solution a drachm of common salt ; and again, under both these, 
two ounce-measures of sulphuric acid, which has been diluted with 
an equal weight of water, and allowed to become cool. The intro- 
duction of a second and third liquid beneath the first, is best effected, 
by filling, with the liquid to be introduced, the dropping tube, fig. 
15. pi. i. which may be done by the action of the mouth. The fin- 
ger is then pressed on the upper orifice of the tube ; and the lower 
orifice, being brought to the bottom of the vessel containing the li- 
quid, the finger is withdrawn, and the liquid descends from the tube, 
without mingling with the* upper stratum. When a solution of car- 
bonate of potash is thus separated from diluted sulphuric acid, for 
which it has a powerful affinity, by the intervention of a thin stratum 
of brine, the two fluids, will remain distinct and inefficient on each 
other ; but on stirring the mixture, a violent effervescence ensues, in 
consequence of the action of the sulphuric acid on the potash. 

X. Two bodies, having no affinity for each other, unite by the inn 
tervention of a third*— Thus, the oil and water which, in Experi- 
ment I., could not, by agitation, .be brought into union, unite immedi- 
ately on adding a solution of caustic potash. The alkali, in this 
case, acts as an intermedium. The fact, indeed, admits of being ex- 
plained by the supposition, that the oil and alkali form in the first in- 
stance, a compound which is soluble in water. 

XI. Saturation and neutralization illustrated. — Water, after 
having taken up as much common salt as it can dissolve* is said to 

* To prepare nitrate of copper, dissolve the filings or turnings of that 
metal in a mixture of one part nitrous acid and three parts water ; decant the 
liquor when it has ceased to emit fumes ; and evaporate it to dryness, in a 
copper or earthen dish. . The dry mass must be kept in a bottle; 
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be saturated with salt. Muriatic acid, when it has ceased to act any 
longer on lime, is said to be neutralized, as is also the lime. 

XI I. The properties characterizing bodies, when separate, are 
destroyed by chemical combination, and new properties appear in 
the compound. — Thus, muriatic acid and lime, which, in a separate 
state, have each a most corrosive taste, lose this entirely when mu- 
tually saturated ; the compound is extremely soluble, though lime 
itself is very difficult of solution; the acid no longer reddens syrup 
of violets ; nor does the lime change it, as before, to green. The 
resulting compound, also, muriate of lime, exhibits new properties. 
It has an intensely bitter taste; is susceptible of a crystallized 
form ; and the crystals, when mixed with snow or ice, generate a 
degree of cold sufficient to freeze quicksilver. 

XIII. Single elective affinity illustrated*— I. Add to the combi- 
nation of oil with alkali, formed in Experiment X., a little diluted 
sulphuric acid. The acid will seize the alkali, and set the oil at li- 
berty, which will rise to the top. In this instance, the affinity of 
alkali for acid is greater than that of alkali for oil. 2. To a dilute 
solution of muriate of lime (prepared in Experiment II.), add a lit- 
tle of the solution of pure potash. The potash will seize the muri- 
atic acid, and the lime will fall down, or be precipitated. 

XIV. In every instance, in comparing the affinities of two bodhs 
for a third, a weaker affinity, in one of the tivo compared, will be 

' found to be compensated by increasing its quantity.— It is not easy 
to offer clear and unequivocal examples of this law, and such as the 
student may submit to the test of experiment. The following, how- 
ever, may illustrate the proposition sufficiently: Mingle together, in 

. a mortar, one part of muriate of soda (common salt) with half a part 
of red oxide of lead (litharge, or red lead), and add sufficient water 
to form a thin paste. The oxide of lead, on examining the mixture 
after twenty-four hours, will be found not to have detached the muri- 
atic acid from the soda ; for the strong taste of that alkali will not 
be apparent. Increase the weight of the oxide of lead to three or 
four times that of the salt; and, after the same interval, the mixture 
will exhibit, by its taste, marks of uncombined soda. This proves, 
that the larger quantity of the oxide must have detached a consider- 
able portion of muriatic acid from the soda, though the oxide has a 
weaker affinity for that acid than the soda possesses. 

Another illustration of the same general principle has been sug- 
gested by Berzelius. It is necessary to premise, that the colour of 
the compound of sulphuric acid with oxide of copper is blue, and 
that of muriatic acid with the same oxide, green. To a saturated 
solution of sulphate of copper in water, add by degrees concen- 
trated muriatic acid. Every addition will render the colour of the 
liquid more distinctly green, showing^an increased production of 
muriate of coppei* ; the oxide of copper being divided between the 
sulphuric and muriatic acids, in proportion to the quantity of each 
acid that is present. 

XV. Double elective affinity exemplified. — In a watery solution 
of sulphate of zinc, immerse a thin sheet of lead : th« lead will re* 
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main unaltered, as also will the sulphate of zinc, because zinc at* 
tracts sulphuric acid more strongly than lead. But let a solution of 
acetate of lead be mixed with one of sulphate of zinc; the lead will 
then go over to the sulphuric acid, while the zinc passes to the acetic. 
The sulphate of lead being insoluble, will fall down in the state of a 
white powder ; but the acetate of zinc will remain in solution. The 
changes that occur in this experiment will be better understood from 
the following scheme : 

Acetate of Zinc 



Sulphate 

of 

Zinc. 



Zinc 



Acetic Acid 



Water 
at 60° 



Sulphc Acid 



Lead 

» Urn i .n ** 



Acetate 

of 

Lead 



v 

Sulphate of Lead. 

The vertical brackets include the original compounds, , viz. sul- 
phate of zinc, and acetate of lead ; and the horizontal line and 
bracket point out the new ones, viz. acetate of zinc and sulphate of 
lead. By the upper horizontal line, it is denoted, that the acetate 
of zinc remains in solution ; and, by the point of the lower bracket 
b^ing directed downwards, it is meant to express, that the sulphate 
of lead falls down, or is precipitated. 



CHAPTER III, 



OF HEAT OR CALORIC* 



SECTION I. 

General Observations on Heajt. 

WHEN we apply the hand to a body which is hotter than itself, 
we are sensible of a peculiar feeling, which we aeree to call the 
sensation of Heat. At the same time we observe, in almost all bodies 
that are placed in the same situation with the hand, certain effects, 
the most remarkable of which is an enlargement of their dimensions. 
These circumstances with very few exceptions, so constantly ac* 
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f company each other, that we can have little or no hesitation in re- 

I ferring them to one and the same cause. Of the nature of this 

cause we have no satisfactory evidence ; and we are unable to de- 
monstrate either that it consists in any general quality of bodies, or 
that it resides in a distinct and peculiar kind of matter. The opi- 
nion, however, wnich best explains the phenomena, is that which as- 
cribes them to an extremely subtile fluid, of so refined a nature, as to 
be capable of insinuating itself between the particles of the most 
dense and solid bodies. To this fluid, as well as to the sensation 
which it excites, the term heat was formerly applied. But there 
was an obvious impropriety in confounding, under one appellation, 
two things so distinct as a sensation and its cause ; and the term 
caloric, first proposed by Lavoisier, is now, therefore, generally 
adopted to denote the cause of heat. Occasionally, however, in 
order to avoid too frequent a repetition of the same word, the term 
heat is still employed in a more extensive sense, to express not only 
the sensation which it usually denotes, but also some of the modifi- 
cations of caloric. 

Caloric, so far as its chemical agencies are concerned, may be 
chiefly considered under two views— as an antagonist to the cohesive 
attraction of bodies— and as concurring with, and increasing elas- 
ticity. By removing; the particles of any solid to a greater distance 
from each otner, their cohesive attraction is diminished ; and one of 
the principal impediments to their union with other bodies is over- 
come* On the other hand, caloric may be infused into bodies in 
such quantity, as not only to overcome cohesion, but to place their 
particles beyond the sphere of chemical affinity. Thus, in the class 
of substances, called gases, the ponderable ingredient, whether solid 
or liquid, is dissolved in so much caloric, that in mechanical pro* 

Serties the gases agree with the air of our atmosphere, especially in 
eing permanently elastic. Different bodies of this class do not, in 
general, unite by simple mixture. But if, of two gases, we employ 
either one or both in a state of great condensation, or compress their 
particles nearer to each other by any means, the gravitating matter 
of both unites, and forms a new compound. Thus hydrogen and 
oxygen gases remain together in a state of mixture, for any length 
of time, without combining; but if we force their particles into a 
state of contiguity, by sudden and violent mechanical pressure, they 
unite and compose water. In many cases, also when two bodies are 
combined together, one of which is fixed, and the other becomes 
elastic by union with caloric, we are able, by its interposition alone, 
to effect their disunion. Thus carbonate of lime gives up its car- 
bonic acid by the mere application of heat. 

We may consider, then, all bodies in nature as subject to the ac- 
tion of two opposite forces, the mutual attraction of their particles 
on the one hand, and the repulsive power of caloric on the other ; 
and bodies exist in the solid, liquid, or elastic state, as one or the 
other of these forces prevails. Water, by losing caloric, has its co- 
hesion so much increased, that it assumes the solid form of ice ; ad- 
ding caloric, we diminish again its cohesion, and render it fluid ; and. 
Vol. L— K. 
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finally, by a still farther addition of caloric, we change it into va- 
pour, and give it so much elasticity, that it may be rendered capable 
of bursting the strongest vessels. In many liquids, the tendency to 
elasticity is even so great, that they pass to the gaseous form by the 
mere n noval of the weight of the atmosphere. 

Caloric, like all other bodies, may exist in two different states, in 
a state of freedom, and in a state, either of combination or of some- 
thing nearly resembling it. In the former state, it is capable of ex- 
citing the sensation of heat, and of producing expansion in other 
bodies. To this modification the terms free or uncombined caloric, 
or caloric of temperature, have been applied. By the term tem- 
perature we are to understand the state of a body relatively to its 
power of exciting the sensation of heat, and occasioning expansion ; 
effects which, in all probability, bear a proportion to the quantity of 
free caloric in a given space, or in a given quantity of matter. 
Thus what we call a high temperature may be ascribed to the pre- 
sence of a large quantity of free caloric ; and a low temperature to 
that of a small quantity. We are unacquainted, however, with the 
extremes of temperature ; and may compare it to a chain, of which 
a few of the midale links only are exposed to our observation. 

The degree of expansion produced by caloric, it will afterwards 
appear, bears a sufficient proportion to its quantity, to afford us a 
means of ascertaining the latter with tolerable accuracy. In es- 
timating temperature, indeed, our senses are extremely imperfect : 
for we compare our sensations of heat, not with any fixed or uniform 
standard, but with those sensations, of which we have had immedi- 
ately previous experience. The same portion of water will feel 
warm to a hand removed from contact with snow, and cold to 
another hand, which has been heated before the fire. To convey, 
therefore, any precise notion of temperature, we are obliged to de- 
scribe the degree of expansion produced in some one body, which 
has been previously agreed upon as a standard of comparison. The 
standard most commonly employed is a quantity of quicksilver, con- 
tained in a glass ball, which terminates in a long narrow tube. This 
instrument, called a thermometer, is of the most important use in ac- 
quiring and recording our knowledge of the properties and laws of 
caloric. The thermometer, however, it must be obvious, is no other- 
wise a measure of the quantity of caloric, than as it ascertains the 
amount of one of its principal effects, In this respect, it stands in 
much the same predicament as the hygrometer, when considered as 
a mean of determining the moisture of the atmosphere. This last 
instrument, it may be remembered, is composed ol some substance 
(such as a hair or a piece of whip-cord) which is lengthened by a 
moist atmosphere and contracted by a dry one ; and in a degree pro- 
portionate to the moisture or dryness. But all the information, 
which the hygrometer gives us, is the degree of moisture between 
certain points that form the extremities of its scale; and it is quite 
incompetent to measure the absolute quantity of watery vapour in 
the air* 
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In explaining those properties and laws of caloric, which have be- 
come known to us by means of the thermometer, it appears a suffi- 
ciently natural division of the subject to describe, lstly, those ef- 
fects which caloric produces, without losing its properties of excit- 
ing the sensation of heat and occasioning expansion : — and, 2dlj r , 
those agencies, in which its characteristic properties are destroyed, 
and in which it ceases to be cognizable by our senses or by the 
thermometer. 

' The expansion or dilatation of bodies, it will appear, is almost 
an universal effect of an increase of temperature. Its amount, how- 
ever, is not the same in all bodies, but differs very essentially. By 
the same increase of temperature, liquids expand more than solids, 
and aeriform bodies more than either. Nor is the same quantity of 
expansion effected in the same solid or liquid, by adding similar 
quantities of heat; for, generality speaking, bodies expand by equal 
increments of caloric, more in hi»h than in low temperatures. The 
explanation of this fact is, that tne force opposing expansion (viz. 
cohesion) is diminished by the interposition of caloric between the 
particles of bodies : and, therefore, when equal quantities of caloric 
are added in succession, the last portions meet with less resistance to 
their expansive force than the first In gases, which are destitute 
of cohesion, equal increments of heat appear, on the contrary, to be 
attended with precisely equal augmentations of bulk. 

An important property of free caloric, the knowledge of which has 
been acquired by means of the thermometer, is its tendency to an 
equilibrium. When a heated ball of iron is exposed to the open 
air, the caloric, which is accumulated in it, flows out ; and its tem- 
perature is gradually reduced to that of the surrounding medium. 
This is owing to two distinct causes : the air, immediately surround- 
ing the ball, acquires part of the caloric which escapes ; and, having 
its bulk increased, is rendered specifically lighter and ascends. This 
is succeeded by a cooler and heavier portion of air from above, which, x 
in its turn, is expanded and carries off a second quantity of caloric. 
Hence a considerable part of the caloric, which is lost by a heated 
* body, is conveyed away by the ambient air. But the refrigeration 
cannot be wholly explained on this principle ; for it has been long 
known that heated bodies cool, though witn less celerity, under the 
exhausted receiver of an air pump, and even in a Torricellian va- 
cuum. 

When the phenomena accompanying the cooling of bodies are ac- 
curately examined, it is found that a part of the caloric, which es- 
capes, moves through the atmosphere with immeasurable velocity. 
In an experiment of M. Pictet, no perceptible interval took place 
^between the time at which cdloric quitted* a heated body, and its re- 
ception by a thermometer at the distance of sixty-nine feet. It ap- 
pears also to move with equal ease in all directions, and not to be at 
all impeded by a strong current of air meeting it transversely. 
Hence it follows that the propagation of caloric, in this state of rapid 
movement, does not depend on any agency of the medium through 
which it passes ; a conclusion strengthened by the experiments of 
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Sir H. Davy, who has shown that, in a receiver exhausted to T |^f 
the effect of radiation is. three times greater than in an atmosphere 
of the ordinary density. Like light, neat appears to be transmitted 
in parallel rays ; and it has, therefore, under this modification, been 

Called RADIANT CALORIC. 

• The proportion of caloric, lost by a heated body, in these two dif- 
ferent ways, may be approximated by observing what time it takes 
to cool, through the same number of degrees, in air and in vacuo. 
By experiments of this kind, Dr. Franklin thought he had ascertain- 
ed that a body, which requires five minutes in vacuo, will cool in air, 
through the same number of degrees, in two minutes. Count Rum- 
ford's experiments with a Torricellian vacuum give the proportions 
of 5 to 3. It will, perhaps, not be very remote from the truth, if it 
be stated, in general terms, that one half of the caloric, lost by a 
heated body, escapes by radiation, and that the rest is carried off by 
the ambient atmosphere. 

The radiation of caloric appears to bear a proportion to the eleva* 
tion of temperature of a body above that of the surrounding medium. 
Hence in part it ii, that a heated body, during refrigeration, loses 
unequal quantities of caloric in equal times. The series appears to 
be pretty nearly a geometrical one. Thus, supposing the tempera- 
ture of a body to be 1000 degrees above the surrounding medium, 

In the first minute it will lose T 9 ff of its heat or 900° 

In the second f % of the remainder = 90 '• 

In the third r » 5 of 10 = 9 



This law of refrigeration, it is Asserted by Dr. Delaroche, though 
nearly accurate at low temperatures, is far from being so a£ high ones. 

The movement of caloric by radiation occurs only in free space, 
or through transparent media. But caloric is capable, also of pass- 
ing through dense and opaque bodies, though with prodigiously im- 
paired velocity. ' Thus a long bar of iron, heated at one end, re- 
quires considerable time to become hot at the other. This property 
in bodies has been called their conducting power, and it exists in 
different bodies, in very different degrees. It is not, however, found 
to bear a proportion to any other quality of bodies. 

All the properties of caloric, which have been hitherto described, 
belong to it wnen in a free or uncombined form ; for it\continues to 
produce the sensation of heat and to expand the mercury of the 
thermometer. In the instances of its agency, also, that have been 
mentioned, no permanent change of form or of properties is effected 
in the bodies which have imbibed caloric. A bar of iron, after being 
expanded by heat, returns on cooling to the same state as before, and 
exhibits all its former qualities. In certain cases, however, cal- 
oric is absorbed by bodies, with the loss of its distinguishing- proper- 
ties. It can then be no longer discovered by our senses or by the 
thermometer : and it produces important and sometimes permanent 
changes in the bodies into which it enters. 

Those effects of caloric, in the production of which it loses its 
distinguishing properties, may be classed under two general heads. 
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I. •£# bodies, in passing from a denser to a rare* state, absorb 
caloric— -Thus solids, during liquefaction, imbibe a quantity of cal- 
oric, which ceases to be apparent to our senses or to the thermome- 
ter : or, as it has been termed, becomes latent In a similar manner, 
solids and liquids, during their conversion into vapours or gases, 
render latent a quantity or caloric, which is essential to the elasticity 
of the new product. In common language, cold is, in such cases, 
said to be produced ; but by the production of cold we are to under* 
stand, in philosophical language, nothing more than the passage of 
caloric from a free to a latent form. 

II. Jill bodies, by an increase of density, evolve or give out cal- 
oric, which passes from a latent to a free state.— The simplest il- 
lustration of this law is in the effect of hammering a piece of metal, 
which may thus be intensely heated, while all that is effected is an 
augmentation of its density. Liquids by becoming solids, or gases 
by conversion into liquids, also, evolve caloric, or produce an in- 
crease of temperature* A pound of water, condensed from steam, 
will render 100 pounds of water at 50° warmer by 11°; whereas a 
pound of boiling water will produce the same rise of temperature in 
no more than about IS) pounds. This is owing to the much greater 
quantity of caloric, existing in a pound of steam, than in a pound of 
boiling water, though steam and boiling water affect the thermome- 
ter in precisely the same degree. 

It is a question which has excited considerable interest among 
philosophers, whether caloric, when thus absorbed and rendered la- 
tent, enters into chemical combination, or is merely united by the 
same kind of ties as that portion of caloric that produces the tempe- 
rature of bodies. Does ice, for example, when changed into water, 
form a chemical union with caloric, similar to that which exists be- 
tween potash and sulphuric acid ? Such appears to have been the 
opinion of Dr. Black, who, by the powers of an original and well di- 
rected genius, discovered the greater number or those facts that 
form the groundwork of the theory of latent heat The resemblance, 
however, between chemical union and the disappearance of caloric, 
which, on first view, appears extremely striking, will be found, it 
must be confessed, less close on a nearer examination. For caloric 
may be made to quit those bodies, into which it has entered with the 
loss of its peculiar properties, merely by reducing their tempera- 
ture ; whereas chemical combinations in general cannot be destroy- 
ed, except by the interference of more energetic affinities. In op- 
position to the foregoing theory, it has been contended that the ab- 
sorption of caloric by bodies is a consequence of what has been 
called a change of their capacity. Thus ice, it is supposed, in be- 
coming water, has its capacity for oaloric increased, and the absorp- 
tion of caloric is a consequence of this increased capacity. This 
theory, however, is deficient, inasmuch as it fails to explain what is 
the cause of that change of form* which is assumed to account for 
the increase of capacity. Notwithstanding this obvious objection, I 
have retained the term capacity to express in the abstract, that 
power by which bodies absorb and render latent different quantities 
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of caloric ; or the property of requiring more or less caloric for 
raising their temperature an equal number of degrees. The ab- 
sorption of caloric,' then, will always be owing to an increase, and 
its evolution to a decrease, of capacity. The use of these terms 
may be exemplified by a slight change of the perspicuous language 
of Dr. Crawford. " The capacity for containing caloric*," he ob- 
serves; "and the absolute caloric contained,- are distinguished as a 
force from the subject upon which it operates. When we speak of 
the capacity, we mean a power inherent in the heated body ; when 
we speak of the absolute caloric, we mean an unknown principle, 
which is retained in the body by the possession of this power ; And 
when we speak of the temperature, we consider the unknown prin- 
ciple as producing certain effects upon the thermometer." 

As the capacities of bodies determine their absolute quantities of 
caloric, it seems reasonable to conclude, that if we can ascertain 
how much caloric a body absorbs or gives out in changing its form, 
and in what proportion its capacity is at the same time altered, we may 
deduce the absolute quantity of heat which it contains. Now it will 
be afterwards shown that the heat, evolved by water in freezing, is 
equal to 140° ; and the capacity of water has been stated, to bear 
to that of ice the proportion of 10 to 9. Water, then, in becoming 
ice, must give out T ^ of its whole caloric, and as this amounts to 
140°, ten times 140 (or 1400°) is the whole quantity of caloric in 
water at the temperature of 32° : and deducting 140 from 1400, we 
have 1260° for the caloric contained in the ice itself. This method 
of determining the problem appears, however, to me, to be liable to 
several objections, which it would take up too much room to state 
in this place, and which I have elsewhere urged at considerable 
lengthf. 

These general observations I have deemed it necessary to make, 
with a view of connecting together the propositions respecting cal- 
oric, and the experiments illustrating them, that form the subject of 
the following sections. The inquiry respecting heat is one which 
presents a boundless field for interesting speculation ; and it would 
have been easy to have extended very considerably the discussion of 
its nature and properties. But in this work, I have no farther object 
than to lead the student, by easy' steps, to a knowledge of what has 
been actually determined by experiment, or strictly and legitimately 
deduced from it. 

* Dr. Crawford on Heat, p. 8. 

f Manchester Memoirs, v. ; or Phil. Mag. 
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SECTION II. 

Illustrations of the Effects of Free Caloric. 

I. Caloric expands all bodies.— -The expansion of liquids is shown 
by that of the mercury of a thermometer, or by immersing in hot wa- 
ter a glass matrass (pi. i. fig. 4), filled up to a mark in the neck, 
with spirit of wine, tinged with any colouring substance. The spi- 
rit expands immediately when heated, ana would overflow if not 
placed in a cooler situation. The degree of expansion produced in. 
different liquids, by similar elevations of temperature, varies very 
considerably. Thus water expands much more than mercury, and 
alcohol more than water. This difference of expansibility is even 
sufficiently striking to appear in a remarkable degree, when we im- 
merse, in water heated to 150°, three equal glass vessels of the shape 
of thermometer tubes containing, the one mercury, the other water, 
and the third spirit of wine. The spirit wiU begin to escape from 
the aperture of the vessel,, before the mercury has ascended far in 
the stem*'. The expansion of aeriform bodies is shown, by holding, 
near the fire, a bladder filled with air, the neck of which is closely tied, 
so as to prevent the enclosed air from escaping. The bladder will 
soon be fully distended, and may even be burst by continuing and 
increasing the heat. All aeriform bodies undergo the same expan- 
sion by the same additions of heat, or 4 | 3 part of their bulk for each 
degree of Fahrenheit's thermometer, between the freezing and boil- 
ing points. The expansion of solids is evinced, by heating a rod 
of iron, of such a length as to be included, when cold, between two 
points, and the diameter of which is such, as barely to allow it to pass 
through an iron ring. When heated, it will have become sensibly 
longer; and it will be found incapable of passing through the ring.' 
This property of metals has been applied to the constructing of an 
instrument for measuring temperature, called a pyrometer, a neat 
and distinct representation of which is given in the first volume of 
" Chemical Conversations ;" and also, by M. Breguet, to the forma- 
tion of a very sensible metallic thermometer t. 

The degree of expansion is not the same for all solids, and even 
differs materially in substances of the same class. Thus the metals 
expand in the following order, the most expansible being placed first ; 
zinc, lead, tin, copper, bismuth, iron, steel, antimony, palladium, pla- 
tina %. 

All the above bodies return again, on cooling, to their former di- 
mensions; 

II. Construction of the thermometer founded on the principle of 
expansion.— -The thermometer is an instrument of so much impojc* 

i 

i 

* See a table of the expansions of liquids in the Appendix* 
| Ann. de Chim. et. Phys. v. 312. 

* See t^e table in tke- Appendix. 
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tance, that it may be expedient to explain the construction of the dif- 
ferent kinds which are required in chemical researches. 

The instrument employed by Sanctorio, to whom the invention of 
the thermometer is generally ascribed, was of a very simple kind, and 
measured variations of temperature by the variable expansion of a 
confined portion of air. To prepare this instrument, a glass tube (pi. 
i. fig. 9) is to be provided, eighteen inches long, open at one end, and 
blown into a ball at the other. On applying a warm hand to the 
ball, the included air expands and a portion is expelled through the 
open end of the tube. In this state, the aperture is quickly immersed 
in a cup filled with any coloured liquid, which ascends into the tube, 
as the air in the ball contracts by cooling. The instrument is now pre- 
pared. An increase of temperature forces the liquor down the tube ; 
and, on the contrary, the application of cold causes its ascent These 
effects may be exhibited, by alternately applying the hand to the ball, 
and then blowing on it with a pair ot bellows. By the application 
of a graduated scale, the amount of the expansion may be measured. 

The ball of the above instrument, it must be obvious, cannot be 
conveniently applied to measure the temperature of liquids. For 
adapting it to this purpose, a slight variation may be made in its 
construction, as represented fig. 8, a. To prepare this instrument, 
a small spherical glass vessel is to be about one 6th or one 4th 
filled with any coloured liquid. The tube, open at both ends, is 
then to be cemented into the neck, with its lower aperture beneath 
the surface of the fluid. The expansion of the included air drives 
the liquid up the stem, to which we may affix a graduated scale, cor- 
responding with that of a common mercurial thermometer. Other 
modifications have also been made by different philosophers. One of 
the most useful and simple forms is represented fig. 8, b. It con- 
sists merely of a tube of very smallbore, from 9 to 12 inches long, 
at one end of which is blown a ball, from half an inch to an inch m 
diameter, which is afterwards blackened by paint, or by the smoke 
of a candle. A small column of coloured liquid, about an inch in 
length, is then introduced, by a manipulation similar to that already 
described. To fit the instrument for use, this column ought to be 
stationary, about the middle of the tube, at the common temperature 
of the atmosphere. The slightest variation of temperature occa- 
sions the movement of the coloured liquid ; and a scale of equal 
parts measures the amount of the effect. 

An insuperable objection, however, to the air thermometer, as thus 
constructed, is, that it is affected, not only by changes of tempera- 
ture, but by variations of atmospheric pressure. Its utility consists 
in the great amount of the expansion of air, which, by a given ele* 
vation of temperature, is increased in bulk above twenty times more. 
than mercury. Hence it is adapted to detect minute changes of. 
temperature, which the mercurial thermometer would scarcely dis- 
cover. 

An important modification of the air thermometer has been inven-. 
ted by Mr. Leslie, and employed by him, with great advantage, ia\ 
his interesting researches respecting heat. To this instrument he" 
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has given the name of, the Differential Thermometer. Its construc- 
tion is as follows : "Two glass tubes of unequal length, each termi- 
nating in a hollow ball, ana having their bores somewhat widened at 
the other ends (a small portion o? sulphuric acid, tinged with car* 
mine, being introduced into the ball of the longer tube), are joined 
together by the flame of a blow-pipe, and afterwards bent nearly in- 
to the shape of the letter U (see fig. 7), the one flexure being made 
just below the joining, where the small cavity facilitates the adjust- 
ment of the instrument. This, •by a little dexterity, is performed, 
by forcing, with the heat of the hand, a few minute globules of air 
from the one cavity into the other. The balls are blown as equal as 
the eye can judge, and from four lOths to seven lOths of an ineh di- 
ameter. The tubes are such as are drawn for thermometers, only 
with wider bores ; that of the short one, to which the scale is affixed, 
must have an exact calibre of a. 50th, or a 60th, of an inch. The 
bore of the long tube need not be so regular, but should be visibly 
larger, as the coloured liquid will then move quicker under any im- 

Eression. Each leg of the instrument is from three to six inches in 
eight, and the balls are from two to four inches apart 
" A moment's attention to the construction-of this instrument will 
satisfy us, that it is affected only by the difference of heat in the cor- 
responding balls; and is calculated to measure such difference with 
peculiar nicety. As long as both balls are of the same temperature, 
whatever this may be, the air contained in both will have the same 
elasticity, and, consequently, the intercluded coloured liquor, being 
pressed equally in opposite directions, must remain stationary. But 
if, for instance, the ball which holds a portion of the liquor be warm- 
er than the other, the superior elasticity of the confined air wilL 
drive the liquid forwards, and make it rise, in the opposite branch, 
above the zero, to an elevation proportional to the excess of elasti- 
city, or of heat." The amount of the effect is ascertained by a gra- 
duated scale, the interval between freezing and boiling being dis- 
tinguished into 100 equal degrees. This instrument, it must be ob- 
vious, cannot be applied to measure variations in the temperature 
of the surrounding atmosphere, for the reason already assigned. Jt 
is peculiarly adapted to ascertain the difference of the temperatures 
of two contiguous spots in the same atmosphere ; for example, to 
determine the heat in the focus of a reflector. 

Thermometers, filled with spirit of wine (a liquid which has not 
been congealed by any degree of cold hitherto produced), are best 
adapted to the measurement of very low temperatures, at which mer- 
cury would freeze. The amount of the expansion of alcohol, also, 
vrhich exceeds that of mercury above eight times, fits it for ascer- 
taining very slight variations of temperature. But it cannot be 
applied to measure high degrees of heat \ because the conversion 
of the spirit into vapour would burst the instrument. 

The nuid, best adapted for filling thermometers, is mercury, which, 
though it expands less in amount than air, or alcohol, still under- 
goes this change to a sufficient degree ; and, in consequence of its 
Vot. L— L. 
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difficult conversion into vapour, may be applied to the admeasur- 
raent of more elevated temperatures. As a considerable saving of 
expense will accrue to the experimentalist, who is able to construct 
mercurial thermometers, I shall offer some rules for this purpose. In 
general, however, I should deem it preferable merely to superintend 
their construction, and to be satisfied, by actual inspection, that the 
necessary accuracy is observed ; because much time must be un- 
avoidably lost, in acquiring the manual skill which is essential to 
construct them neatly. 

Thermometer tubes may be had at the glass-house, and of various 
philosophical instrument makers. In purchasing them; those should 
be rejected that are not hermetically sealed at both ends ; because 
the smallest condensation of moisture, which must take place when 
air is freely admitted within the tube, is injurious to the accuracy of 
' the instrument. A small bottle of elastic gum should be provided, 
in the side of which a brass valve is fixed, or a piece of brass per- 
forated by a small hole, to be occasionally stopped by the hand* A 
blow-pipe is also an essential part of the apparatus ; and, in addition 
to one of the ordinary .kind, it will be found useful to have one- 
which is supplied with air by a pair of double bellows, worked by 
the foot. ^ 

Before proceeding to the construction of the thermometer, it is 
necessary to ascertain, that the tube is of equal diameter in different 
parts. This is done by breaking oft' both of the sealed ends, immers- 
ing one of them an inch or two deep in clean and dry mercury, and 
then closing the other end with the finger. On withdrawing the 
tube from the mercury, a small column of that fluid remains in if, 
the length of which is to be examined, by laying the tube horizon- 
tally on a. graduated ruler*. By inclining the tube, this column may 
be gradually moved through its whole length ; and if the tube be of 
uniform bore, it will measure the same in every part Such a degree > 
of perfection, however, is scarcely ever to be observed throughout 
tubes of consi4erable length ; but, in general, a portion of the tube 
will be found perfect, of sufficient length for a thermometer, and 
this part is to be broken off. , 

On one end of the tube let the neck of the elastic bottle be firmly 
tied ; and let the other end be heated by the flame of the blow-pipe, 
till the glass softens. The softened part must then be pressed, by a * 
clean piece of metal, into the form of a rounded button ; and to this 
the flame of the lamp must be steadily applied, till it acquires a 
white heat, and seems about to enter into fusion. To prevent its 
falling on one side, the tube, during this time, must be constantly 
turned round by the hand. When the heated part appears perfectly 
soft, remove it quickly from the lamp, and, holding the tube vertical- 
ly, with the elastic bottle uppermost, press this, last gently with the 
hand. The glass will be blown into a small ball, but not into one • 



* If the tube be of an extremely small bore, the mercury will not enter, 
and must be drawn in by the action of the elastic bottle, and not by the mouthy 
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sufficiently thin for the purpose* To this the flame of the lamp must 
again be applied, turning it quickly round ; and, on a second or third 
repetition of the process of blowing, the ball will be completely 
formed. The proportion of the size of the ball to the bore of the 
tube can only be learned by some experience. 
1 To fill the ball, which has been thus formed, with mercury, the air 
must first be expelled by holding it over the flame of an Argand's 
lamp, and. then quickly immersing the open end of the tube in very 
clean and dry quicksilver. As the ball cools the mercury will ascend, 
and will partly fill it Let a paper funnel be tied firmly over the 
open end of the tube ; into this pour a small portion of /Quicksilver, 
and apply the heat of the lamp to the ball. Any remaining portion 
of air will thus be expelled ; and if the heat be raised so as to boil 
the mercury, the ball and stem will be filled with mecurial vapour, 
the condensation of which, on removing the ball from the lamp, will 
occasion a pretty complete vacuum. Into this vacuum, quicksilver 
will descend from the paper cone ; and the instrument will be 
completely filled. But tor the purpose of a thermometer, it is ne- 
cessary that the mercury should rise only to a certain height of the 
stem ; and a few drops may, therefore, be expelled by cautiously 
applying the heat of the lamp. To estimate whether the proper 
quantity ^f quicksilver has been left in the instrument, immerse the 
ball first in ice-cold water, and then in the mouth. The space between 
-these two points will comprise 63 degrees, or pretty nearly one 
third of the whole space between the freezing and boiling points 
of water. If the empty part of the tube exceeds, in length, about 
three times the portion thus filled by the expanded quicksilver, we 
may proceed (when an instrument is wanted with a scale including 
only from 32° to 212°) to seal it hermetically : which is done as fol- 
lows : The part to be sealed is first heated with the blow-pipe, and 
drawn out to a fine capillary tube : the bulb is then heated, till a few 
particles of quicksilver have fallen from the top . of the tube : at 
this moment, the flame of another candle is directed, by the blow- 
pipe, on the capillary part of the tube, the candle is withdrawn 
from the ball, and the tube is sealed, at the instant when the mer- 
cury begins to descend. If this operation has been skilfully per- 
formed, so as to leave no air in the tube, the whole of the tube should 
be filled with quicksilver on holding the instrument with the ball 
uppermost. 

To have very. large degrees, the ball must bear a considerable pro- 
portion to the tube ; but this extent of scale cannot be obtained 
without sacrificing, in some measure, the sensibility of the instru- 
ment The whole of the process of constructing thermometers 
neatly and accurately, is connected with the possession of manual 
skill, which practice only can confer; and it is scarcely possible, 
without the most tedious minuteness, to describe all the necessary 
precautions and manipulations. These will readily suggest them- 
selves to a person who carries the above instructions into effect. 

In graduating thermometers, the first step consists in taking the 
two fixed points. TheJreezing point is ascertained, by immersing, 
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in thawing snow or ice, the ball and part of the stem ; so that the 
mercury, when stationary, shall barely appear above the surface* 
At this place let a mark be made with a file. In taking the 
boiling point, considerable caution is required ; and, for reasons 
which will afterwards be stated, attention must be paid to the 
state of the barometer, the height of which, at the time, should 
be precisely 29*8. A tin vessel is to be provided, (for according to 
Gay Lussac*, one of glass leads to erroneous results,) four or five 
inches longer than the thermometer, and furnished with a cover, in 
which are two holes. Through one of these, the thermometer stem 
must be passed (the bulb being within the vessel), so that the part,- 
at which the boiling point is expected, may be just in sight The 
other hole may be Jeft open ; and the cover being fixed in its place, 
the vessel, containing a few inches of water at toe bottom, is to be 
set on the fire. The thermometer will presently be wholly sur- 
rounded by steam; and when the mercury becomes stationary in 
ti^e stem, its place must be marked* The scale of Fahrenheit is 
formed by transferring the intermediate space to paper by a pair of 
compasses, and dividing it into 180°, the lowest being called 32°, 
and the highest 212°. The scale of other countries, however, dif- 
fers considerably ; but these variations do not prevent the compari~ • 
son of observations with different instruments, when the freezing 
and boiling points of water are agreed upon as fixed data. In the 
Appendix, rules will be given for converting the degrees of other 
scales to that of Fahrenheit. 

III. "The dilatations and contractions of the fluid in the mercuri* 
at thermometer, are nearly proportional to the quantities of caloric, . 
which are communicated to the same homogeneous bodies, or separa- 
ted from them, so long as they retain the same form. 

Thus a quantity of caloric, required to raise a body 20° in tem- 
perature, by the mercurial thermometer, is nearly double that which 
is required to raise it 10°. Hence there appears to be a pretty ac- 
curate proportion between the increments or decrements of heat, 
and the increments and decrements of expansion in the mercury of 
a thermometer. On this principle, if equal quantities of hot and cold 
water be mixed together, and a thermometer be immersed in the 
hot water, and also in the cold, previously to the mixture,ihe in- 
strument should point, after the mixture, to the arithmetical mean, 
or to half the difference of the separate heats, added to the less or 
subtracted from the greater. This will be proved to be actually 
the fact, by the following experiment. Mix a pound of water at 
172° with a pound at 52°. Half the excess of the caloric of the hot 
water will pass to the colder portion ; that is, the hot water will be . 
cooled 70°, and the cold will receive 70° of temperature ; therefore \ 
172—70, or 32 + 70 = 102, will give the heat of the mixture. 
To attain the arithmetical mean exactly, several precautions rfiust- ' 
be observed!. 

* 82 An. de Ch. 174, and 7 An. de Ch. etPhys. 307. 

f See Crawford on Animal Heat, p. 95, &c. • 
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The experiments of De Luc, however, have shown, that the ratio 
of expansion does not, strictly, keep pace with the actual increments 
of temperature ; and that the amount of the expansion increases 
with the temperature. Thus if a given quantity of mercury, in be- 
ing heated from 32 to 122°, the first half of the scale, be expanded 
14 parts, in being raised from 122 to 212, the higher half, it will be 
expanded 15 parts. 

rrom the inquiries of Mr. Dalton, it appears to follow, that the ir- 
regularity of the expansion of mercury is considerably greater than 
has been stated by De Luc. By the common mercurial thermome- 
ter, we cannot ascertain the true rate of expansion in quicksilver ; 
for it must be obvious that the expansion of the glass ball, in which it 
is contained, must considerably affect the result If the capacity of 
the ball remained unaltered, we should then be able to determine the 
actual rate of expansion ; but by an increase of temperature its ca- 
pacity is enlarged, and space is thus found, within the ball, for the 
expansion of that mercury, which would otherwise be driven into 
the tube. By knowing the rate of expansion in glass itself, we can 
correct this error ; but a small error m this datum will- lead us con- 
s iderably wrong as to the true expansion of quicksilver. The real 
expansion of mercury in glass is greater than the apparent, by the 
expansion of the glass itself. 

Making due correction for this circumstance, Mr. Dalton has been 
led to conclude from his experiments, that notwithstanding the ap- 
parent diversities of expansion in different fluids, they ail actually 
expand according to the same law ; viz. that the quantity of expan- 
sion is as the square of the temperature from their respective freez- 
ing points, or from their points of greatest density. If then a ther- 
mometer be constructed, with degrees corresponding to this law, 
they will be found to differ very considerably from those of the com- 
mon mercurial thermometer, in which the space between freezing 
and boiling is divided into 180 equal parts. In the Appendix will 
be found a table showing the correspondence between the old scale 
and the new one constructed on Mr. Dalton's principle. 

IV. Uncombined caloric has a tendency to an equilibrium. Any 
number of different bodies, at various temperatures, if placed under 
similar circumstances of exposure, all acquire a common tempera- 
ture. Thus, if in an atmosphere at 60°, we place iron filings heated 
to redness, boiling water, water at 32°, and various other bodies of 
different temperatures, they will soon affect the thermometer in the 
ame degree. The same equalization of temperature is attained, 
hough less quickly, when a heated body is placed in the vacuum of 
an air-pump. The rate of cooling in air is to that in vacuo, the tem- 
peratures being equat, nearly as five to two. 

II. Motion of Free Caloric. — 1. Its Radiation.— -2. Its Passage 

through Solids and Fluids. 

Caloric escapes from bodies in two different modes.— Part of it 
finds its way through space, independently of other matter, and with 
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immeasureable velocity. In this state %t has been called, radiant 
heat, or radiant caloric. 

Radiant caloric exhibits several interesting properties. 

1.. Its. reflection, (a) Those surfaces, that reflect light most 
perfectly, are not equally adapted to the reflection of caloric. Thus, 
a glass mirror, which reflects light with great effect when held be- 
fore a blazing fire, scarcely returns any heat, and the mirror itself 
becomes warm. On the contrary, a polished plate of tin, or a silver 
spoon, when similarly 'placed, reflects, to the hand, a very sensible 
degree of warmth ; and the metal itself remains cool. Metals, 
therefore, are much better reflectors of caloric than glass ; and they 
possess this property, exactly according to their degree of polish. 

( bj Caloric is reflected according to the same law that regulates 
. the reflection of light. This is proved by $n interesting experiment 
of M. Pictet ; the means of repeating which may be attained at a 
moderate expense. Provide two reflectors of planished tin (a and 
b, fig. 45), which may be 1 2 inches diameter, and segments of a 
sphere of nine inches radius. Parabolic mirrors are still better 
adapted to. the purpose ; but their construction is less easy. Each 
of these must be furnished, ttn its convex side, with the means of sup- 
porting it in a perpendicular position on a proper stand. Place the 
mirrors opposite to each other on a table, at the distance of from six 
to 12 feet. Or they may be placed in a horizontal position, as re- 
presented in the fourth plate to Sir H. Davy's Chemical Philosophy, 
an arrangement in some respects more convenient. In the focus of 
one, let the ball of an air thermometer, c, or (which is still better) 
one of the balls, of a differential thermometer, be situated; and in 
that of the other, suspend a ball of iron; about four ounces in weight, 
and heated below ignition, or a small matrass of hot water, d ; hav- 
ing previously interposed a screen before the thermometer. Imme- 
diately on withdrawing, the screen, the depression of the column of 
liquid, in the air thermometer, evinces an increase of temperature in 
the instrument. In this experiment, the caloric flows first from the 
heated ball to the nearest reflector ; from this it is transmitted, in 
parallel rays, to the surface of the second reflector, by which it is 
collected into a focus on the instrument This is precisely the 
course that is followed by radiant light; for if the flame of a taper 
be substituted for the iron ball, the image, of the candle will appear 
precisely on that spot (a sheet of paper being presented for its re- 
ception) where the rays of caloric were before concentrated. 

(c) When a glass vessel, filled with ice or snow, is substituted for 
the heated ball, the course of the coloured liquid in the thermome- 
ter will be precisely in the opposite direction ; for its ascent will 
show, that . the air in the ball is cooled by this arrangement. This 
experiment, which appears, at first view, to indicate the reflection of 
cold, presents, in fact, only the reflection of heat in an opposite di- 
rection ; the ball of the thermometer being, in this instance, the hot- 
ter body. "And since heat emanates from bodies in quantities 
greater as their temperature is higher, the introduction of a cold 
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body into the focus of one mirror, necessarily diminishes the tem- 
perature of a thermometer in the focu3 of the other, in the same man- 
ner as a black body placed in the focus of the one, would diminish. 
the quantity of light in the focus of the other*." 
, (e/) In Mr. Leslie's "Enquiry into the Nature, &c. of Heat," a va- 
riety of important experiments are detailed, which show the influ- 
ence of covering the reflectors with various substances, or of me- 
chanically changing the nature of their surfaces, on their power of 
returning caloric. 

2. Caloric is refracted, also^according to the same law that regu- 
lates the refraction of light. This interesting discovery we owe to 
Dr. Herschell, whose experiments and apparatus, however, cannot 
be understood without the assistance of a plate. For this reason, I 
refer to his paper in the 90th vol. of the Philosophical Transactions, 
or in the 7th vol. of the Philosophical Magazine. 

3. The nature of the surface of bodies has an important influence 
over their power of radiating caloric. 

To exhibit this influence experimentally, let a canister of plan- 
ished block tin, forming a cube of six or eight inches, be provided, 
having an orifice at the middle of its upper side, from half an inch to 
an inch diameter, and the same in height. This orifice is intended 
to receive a cap having a small hole, through which a thermometer 
is inserted, so that its bulb may reach the centre of the canister. 
Let one side of the canister be- covered with black paint; destroy 
the polish of another side, by scratching it with sand-paper; tarnish 
a third with quicksilver; rind leave the fourth bright. Then fill the 
vessel with boiling water. The radiation of caloric from the black- 
ened side is so much more abundant than from the others, as to be 
r even sensible to the hand. Place it before a reflector (fig. 45), in 

lieu of the heated iron ball already described. The thermometer, in 
the focus of the second reflector, will indicate the highest tempera- 
ture, or most copious radiation of caloric, when the blackened side 
is presented to the reflector ; less when the tarnished pr scratched 
side is turned towards it; and least of all from the polished side. 

These varieties in the radiating power of different surfaces, are 
attended, as might be expected, with Corresponding variations in the 
rate of cooling. If water in a tin vessel, all of whose sides are pol- 
ished, cools through a given number of degrees in eighty-one minutes, 
it will descend through the same number in seventy-two minutes, if 
the surface be tarnished with quicksilver. Water, also, enclosed 
'in a clean and polished tin ball, cools about twice more slowly than, 
water in the same ball covered with oiled paper. Blackening the 
surface with paint, or even a thin coat of varnish, on the same prin- 
ciple, accelerates greatly the rate of cooling. These facts teach us, 
that vessels, in which fluids are to be long kept hot should have their 
surfaces brightly polished ; and they explain, among other things, 
the superiority of metallic tea-pots over those of earthen Mare, 



* Davy 's Chem..Phik>8. p- 206. , 



8& OF HEAT OF CALORIC. CHAP. HI, 

5. Radiant caloric is absorbed with different facility by different 
surfaces. This is only stating, in other terms, that surfaces are en- 
dowed with various powers of reflecting caloric since the power of 
absorbing caloric is precisely opposite to that of reflecting it. Hence 
the best reflectors of heat will absorb the least. It may be proper, 
however, to offer some illustrations of the principle under this form* 

(a) Expose the bulb of a sensible thermometer to the direct rays 
of the sun. On a hot summer's day it will probably rise, in this cli- 
mate, to 108°*. Cover it with Indian ink, and again expose it in a 
similar manner. During the evaporation of the moisture it will fall ; 
but as soon as the coating becomes dry, it will ascend to 118°, or up- 
wards, of Fahrenheit, or 10° higher than when uncovered with the 
pigment. This cannot be explained by supposing that the black coat- 
ing is gifted with the power of retaining caloric, and preventing 
its escape ; because from experiments already related, it appears, 
that a similar coating accelerates the cooling of a body to which it is 
applied. 

(b) Colour has considerable influence over the absorption of ca- 
loric. This is shown by the following very simple experiment of Dr. 
Franklin. 

On a winter's day, when the- ground is covered with snow, take 
our pieces of woollen cloth, of equal dimensions but of different col- 
ours, viz. black, blue, brown, ana white, and lay them on the surface 
of the snow, in the immediate neighbourhood of each other. In a 
few hours, the black cloth will have sunk considerably below the 
surface ; the blue almost as much ; the brown evidently less ; and 
the white will remain precisely in its former situation. Thus it ap- 
pears, that the sun's rays are absorbed by the dark coloured cloth, and 
excite such a durable heat, as to melt the snow underneath; but they 
have not the power of penetrating the white. Hence the preference 
generally given to dark coloured cloths during the winter season, 
and to light coloured ones in summer, appears to be founded on rea- 
son. 

(c) This experiment has been varied by sir H. Davy, in a man- 
ner which may be repeated at any season of the year. Take six 
similar pieces of sheet copper, each about an inch square, and colour 
the one white, another yellow, a third red, the fourth green, the fifth 
blue, and the sixth black. On the centre of one side of each piece, 
put a small portion of a mixture of oil and wax, or cerate, which 
melts at about 76°. Then expose, their coloured surfaces, under pre- 
cisely equal circumstances, to tne direct rays of the sun. The ce* 
rate o,n the black plate will begin to melt perceptibly before the red; 
the blue next; then the green and the red; and, lastly, the yellow. 
The white will scarcely be affected, when the black is in complete 
fusion. 

Caloric passes, also, but more slowly, through solid and liquid bo- 
dies, which are then termed conductors of caloric. 

* Watson's Essays, v. X93. 
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1. Solid bodies convey heat in all directions, upwards, down*, 
wards, and laterally ; as may be shown, by heating the middle of an 
iron rod, and holding it in different directions. 

2. Some bodies conduct caloric much more quickly than others. 
Coat two rods, of equal length and thickness, the one of glass, the 
other of iron, with wax, at one end of each only ; and then apply 
heat to the uncoated ends. The wax will be melted vastly sooner 
from the end of the iron rojl, than from the glass one ; which shows, 
that iron conducts heat more quickly than glass. 

Even the different metals possess very different powers of con* 
ducting caloric. An approximation to the degree in which they 
possess this property, mav be attained by the following method, ori- 
ginally employed by Dr. Ingenhouz. Procure several solid cylin* 
ders, or rods, of the same size and shape, but of different metals. 
They may be six inches long, and one 4th of an inch in diameter. 
Coat them, within about an inch of one end, with bees-wax, by dip* 
ping them into this substance when melted, and allowing the cover- 
ing to congeal. Let an iron heater be provided, in which small 
holes have been drilled, that exactly receive the clean ends of the 
cylinders. After heating it below ignition, insert the cylinders in 
their places. The conducting power may be estimated by the length 
of wax coating melted from each in a given time. According to 
the experiments of Dr. fngenhoufc, the metals may be arranged in 
the following order: Silver possesses the highest conducting power; 
next, gold ; then copper and tin, which are nearly equal ; and, below 
these, platina, iron, steel, and lead, which are greatly inferior to 
the rest. 

It is chiefly owing to the different conducting powers of bodies, 
that they affect us, when we touch them, with different sensations 
if cold. Thus, if we apply the hand in succession to a number of 
bodies (as a piece of wood, another of marble, &c), they appear cold 
in very different degrees. And as this sensation is occasioned bjr 
the passage of caloric out of the hand into the body which it touches, 
that body will feel the coldest, which carries away heat the most 
quickly ; or which, in other words, is the best conductor. For the 
same reason, of two bodies which are heated to the same degree, and 
both considerably above the hand, the best conductor is the hottest 
to the touch. Thus the money in our pockets often feels hotter 
than the clothes which contain it. 

3. Liquid and aeriform bodies convey heat on a different princi- 
ple from that observed in solids, viz. by an actual change in the 
situation of their particles. That portion of the fluid, which is 
nearest to the source of heat, is expanded, and becoming specifical- 
ly lighter, ascends, and is replaced by a colder portion from above. 
This, in its turn, becomes heated and dilated, and gives away to a 
second colder portion ; and thus the process goes on, as long as the 
fluid is capable of imbibing heat. 

(a) Take a glass tube, eight or 10 inches long, and about an inch 
in diameter. Pour into the bottom part, for about the depth of an 
inch, a little water tinged with litmus, and then fill up the tube with 
Vol.1.— M. 
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common water, pouring on the latter extremely gently, so as to keep 
the two strata quite distinct. If the upper part of the tube be first 
heated, the coloured liquor will remain at the bottom ; but if the 
tube be afterwards heated at the bottom, the infusion will ascend, 
and will tinge the whole mass of fluid. 

(b) Into a cylindrical glass jar, four inches diameter, and 12 or 
14 deep, let a circular piece of ice be fitted 3£ inches thick, and 
of rather less. diameter than the jar. Or water may be poured into 
the jar to the depth of 3J inches, and allowed to congeal by ex- 
posure to a freezing atmosphere,, or by surrounding it with a mixture 
of snow and salt. The ice is to be secured in its place by two slips 
of wood, crossing each other like two diameters of a circle, set at 
right angles to each other. Pour, over the cake of ice, water of 32° 
temperature, to the depth of two inches ; and on its surface let 
there float a shallow circular wooden box, perforated with holes. 
Fro/n the cock of a tea-urn, filled with boiling water, and raised so 
that its spout may be above the top of the jar, suspend a number of 
moistened threads, the lower ends of which must rest on the surface 
of the box. By this arrangement, when the cock is turned, the hot 
water will trickle down the threads, and will have its fall conside- 
rably broken. It will then spread over the surface of the box, and 
pass through the perforated holes to the cold water beneath, over 
which it will float without mixingwith it. Let the jar be thus com- 
pletely filled with hot water.' The ice will remain unmelted for 
several hours at the bottom of the vessel. 

(c) Fill a similar jar with hot water ; v and, having provided a cake 
of ice, of equal size with the former one, let it be placed on the sur- 
face of the water. In about three minutes, the whole will be melted. 
Both these experiments are more striking, if the water, used for 
forming the calces of ice, be previously coloured with litmus ; for, in 
the latter experiment, the descending currents of cold water are 
thus made apparent. 

(d) These experiments may be varied, by freezing, in the bottom 
of a tube one inch wide, a portion of water, about two inches in 
depth. Then fill the tube with water of the common temperature, 
and hold it inclined over an Argand's lamp, so that the upper portion 
only of the tube may be heated. When thus disposed, the water 
maybe made to boil violently at the surface, and yet the ice will not 
be melted. But if the experiments be reversed, and (the ice floating 

. on the surface) heat jbe applied to the bottom of the tube, the ice 
will be liquefied in a few seconds. 

(e) Substituting water of the temperature of 41° for the boiling 
water used in experiment (c), Count Humford found, that, in a given 
time, a much greater quantity of ice was melted by the cooler 
water. This appears, on first view, rather paradoxical. The fact, 
however, is explained by a remarkable property of water, viz. that 
when cooled below 40° it ceases to contract, and experiences, on the 
contrary, an enlargement of bulk. Water, therefore, at 40° (at the 
bottom of which is a mass of ice at 32°), is cooled by contact with 
the ice, and is expanded at the same moment. It therefore ascends* 
and is replaced by a heavier and warmer portion from above^ 
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It is a consequence of the same property that the surface of a 
deep lake is sometimes covered with ice, even when the water below 
is only cooled to 40° ; for the superficial water is specifically lighter 
than* the warmer water beneath it, and retains its place, till it is 
changed into ice. This property of water is one of the most re- 
markable exceptions to the law, that bodies are expanded by an in- 
crease, and contracted by a diminution, of temperature. 

From these facts, Count Rumford concluded, that wafer is a per* 
feet non-conductor of caloric, and that it propagates caloric in one 
direction, viz. upwards, in consequence of the motions which it oc- 
casions among the particles of the fluid. The Count inferred also, 
that if these motions could be suspended, caloric would cease to 
pass through water ; and, with the view of deciding this question, 
he made the following experiments, which admit of oeing easily re- 
peated* A cylindrical tin vessel must previously be provided, two 
inches in diameter, and £ j inches deep, having a moveable cover, 
perforated with a small aperture, for transmitting the stem of a 
thermometer, which is to be inserted so that its bulb may occupy the 
centre of the vessel. 

(/) Fill this vessel with water of the temperature of the atmos- 
phere ; let the cover be put in its place ; and let the whole appara* 
tus, except the scale of the thermometer, be immersed in water, 
which is to be kept boiling over a lamp. Observe how long a time 
is required to raise the water from its temperature at the outset to 
180°, and remove it from its situation. Note, also, how long it takes 
to return to its former temperature. 

(g) Repeat the experiment, having previously dissolved in the 
water 200 grains of common starch. The thermometer will now 
require about half as long again to arrive at the same temperature. 
A similar retardation, and to a greater amount, is produced by the 
mixture of eider-down, cotton-wool, and various other substances, 
which are not chemically soluble in water, and which can diminish 
its conducting power in no other way than by obstructing the motion 
of its particles. ' ' 

This inference, however, respecting the complete non-conducting 
power of water, has been set aside by the subsequent inquiries of 
Dr. Thomson and Dr. Murray, especially by a most decisive experi- 
ment of the latter. To establish the conducting power of water, it 
was justly deemed indispensable, that caloric should be proved to 
be propagated through that fluid downwards. This, on actual trial, 
it appeared to be; but it was objected, that the sides of the contain- 
ing vessel might be the conductor. To obviate this objection, Dr. 
Murra^ contrived to congeal water into the form of a jar, capable of 
holding liquids. This was separately filled with linseed oil and 
with mercury. At a proper distance below the surface, the bulb of 
a thermometer was placed ; and on the surface of the liquid rested 
a flat iron vessel, containing boiling water. Under these circum- 
stances, the thermometer invariably rose ; and though it ascended 
only a very few degrees, yet it must be recollected, that the cooling 
power of the sides of the vessel would effectually prevent any con- 
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siderable elevation of temperature. This experiment, in conjunction 
with others, decisively proves, that water is a conductor, though a 
slow or imperfect one, of caloric. 



SECTION III. 

Caloric the Cause of Fluidity* 

I. The temperature of melting snow, or of thawing ice, is uni- 
formly the same at all times, and in all places.— This may be ascer- 
tained by the thermometer, which will always, when immersed in 
liquefying ice or snow, point to 32° of Fahrenheit, whatsoever may 
be the height of the barometer, or the elevation, above the sea, of the 
place where the experiment is made*. 

II. The sensible heat, or temperature of ice, is not changed by li- 
quefactions—A thermometer in pounded ice stands at 32°, and at 
the very same point in the water which results from the liquefaction 
of ice. 

III. Yet ice, during liquefaction, must absorb much ca/oric.— Ex- 
pose a pound of water at 32°, and a pound of ice at 32°, in a room, 
the temperature of which is several degrees above the freezing point, 
and uniformly the same during the experiment The water will ar- 
rive at the temperature of the room, several hours before the ice is 
melted ; and the melted ice will have, as before its liquefaction, the 
temperature of 32°. Yet the ice must, during the whole of this 
time, have been imbibing caloric, because (according to Experiment 
IV. § 2.) a colder body can never be in contact with a warmer one, 
without receiving caloric from it. The caloric, therefore, which has 
entered the ice, but is not to be found in it by the thermometer, is 
said to have becomeHatent. As it is 'the cause of the liquefaction of 
the ice, it is sometimes called caloric of fluidity. 

IV. The quantity of caloric that enters into a pound of ice and 
becomes latent, during liquefaction, may be learned by experiment. 
To a pound of water, at 172°, add a pound of ice at 32°. The tem- 
perature will not be the arithmetical mean (202°), but much below 
it, viz. 32°. All the excess of caloric in the not water has therefore 
disappeared. From 172°" take 32° ; the remainder, 140°, shows the 
quantity of caloric that enters into a pound of ice during liquefac- 
tion ; that is, as much caloric is absorbed by a pound of ice, during 
its conversion into water, as would raise a pound of water from S2° 
to 172°. 

It is from the property of its uniformly absorbing the same quan- 
tity of caloric for conversion into water, that ice has been ingenious- 
ly applied, by Lavoisier and Laplace, to the admeasurement of the 
heat, evolved in certain operations. Let us suppose the body (from 

* Shuckburg 1 , Philosophical Transactions, lzix. 
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which the caloric evolved either by simple cooling or combustion, is 
to be measured) to be inclosed in a hollow sphere of ice, with an 
opening at the bottom. When thus placed, the heat which is given 
out, will be all employed in melting the ice; and will produce this 
effect in direct proportion to its quantity. Hence the quantity of 
ice, which is converted into water, will be an accurate measure of 
the caloric, that is separated from the body submitted to experiment 
In this way, Lavoisier ascertained that equal weights of different 
combustible bodies melt, by burning, very different weights of ice. 
The apparatus which he employed for this purpose, he has called the 
calorimeter. Its construction can scarcely be understood without 
the plate, which accompanies the description in his " Elements of 
Chemistry;" and I consider it unnecessary to copy it into this 
work, because the instrument is liable to several causes of inac- 
curacy. 

V. Other examples of the absorption of caloric, during the lique- 
faction of bodies, are furnished by the mixture of snow and nitric 
acid, or of snow and common salt, both of which, in common lan- 
guage, produce intense cold. 

1. Dilute a portion of nitric acid with an equal weight of water; 
and, when the mixture has cooled, add to it a quantity of light fresh- 
fallen snow. On immersing the thermometer in the mixture, a very 
considerable reduction of temperature will be observed. This is 
owing to the absorption, and intimate fixation, of the free caloric of 
the mixture, by the liquefying snow. 

2. Mix quickly together equal weights of fresh-fallen snow at 32°, 
and of common salt cooled, by exposure to a freezing atmosphere, 
down to 32°. The two solid bodies, on admixture, will rapidly 
liquefy; and the thermometer will sink 32°, or toO; or, according 
to Sir C. Blagden, to 4° lower*. To understand this experiment, it 
must be recollected, that the snow and salt, though at the freezing 
temperature of water, have each a considerable portion ofuncombin- 
ed caloric. Now salt has a strong affinity for water ; but the union 
cannot take place while the water continues solid. In order, there- 
fore, to act on the salt, the snow absorbs all the free caloric requir- 
ed for its liquefaction; and during this change, the free caloric, both 
of the snow and of the salt, amounting to 32°, becomes latent, and 
is concealed in the solution. This solution remains in a liquid 
state at 0, or 4° below of Fahrenheit ; but if a greater degree of 
cold be applied to it, the salt separates in a concrete form. 

3. Most neutral salts, also, during solution in water absorb much 
caloric; and the cold, thus generated, is so intense as to freeze 
water, and even to congeal mercury. The former experiment, how- 
ever (viz. the congelation of water), may easily be repeated on a 
summer's day. Add to 32 drachms of water, 11 drachms of muri- 
ate of ammonia, 10 of nitrate of potash, and 16 of sulphate of soda, 

1 all finely powdered. The salts may be dissolved separately, in the 
order set down. A thermometer, put into the solution, will show* 

* Philosophical Transactions, lxxviuV281. 
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that the cold produced is at, or below, freezing; and a little water, 
in a thin glass tube, being immersed in the solution, will be frozen 
in a few minutes. Various other freezing mixtures are described in 
Mr. Walker's papers in the Philosophical Transactions for 1 787, 88, 
89, 95, and 1801. Of these the table, given in the Appendix, for 
which I am indebted to the obliging communication of the author, 
contains an arranged abstract. 

4. Crystallized^ muriate of lime, when mixed with snow, produces 
a most intense degree of cold. This property was discovered some 
years ago by M. Lovitz, of St. Petersburg, and has been since appli- 
ed, in this country, to the congelation of mercury on a very extensive 
scale. The proportions which answer best, are about equal weights 
of the salt finely powdered, and of fresh-fallen and light snow. On 
mixing these together, and immersing a thermometer in the mixture, 
the mercury sinks with great rapidity. For measuring Jexactly the 
cold produced, a spirit-thermometer, graduated to 50° below of 
Fahrenheit, or still lower, should be employed. A few pounds of 
the salt are sufficient to congeal a large mass of mercury. By 
means of 13 pounds of the muriate, and an equal weight of snow, 
Messrs* Pepys and Allen froze 56 pounds of quicksilver into a solid 
mass. The mixture of the whole quantity of salt and snow, however, 
was not made at once, but part was expended in cooling the materi- 
als themselves. 

On a small scale it may be sufficient to employ two or three pounds 
of the salt Let a few ounces of mercury, in a very thin glass re- 
tort, be immersed, first, in a mixture of one pound of each ; and, 
when this has ceased to act, let another similar mixture be prepared. 
The second will never fail to congeal the Quicksilver. 

In plate iv. fig. 42, a very simple and cheap apparatus is repre- 
sented, which I have generally employed to freeze mercury. The 
dimensions will be given in the description of the plates*. 

The salt thus expended may be again evaporated, and crystallized 
for future experiments. 

The reader, who wishes for farther particulars respecting these 
experiments, is referred to the Philosophical Magazine, iii. 76. 

VI. On the contrary, liquids, in becoming solid, evolve or give 
out calorie, or, in common language, produce heat. 

1. Water, if kept perfectly free from agitation, may be cooled 
down several degrees below 32°; but, on shaking it, it immediately 
congeals, and the temperature rises to 32°. 

2. Expose to the atmosphere, when at a temperature below freez- 
ing (for example, at 25° of Fahrenheit), two equal quantities of water, 
in one only of which about a fourth of its weight of common salt has 
been dissolved. The saline solution will be gradually cooled, with- 
out freezing, to 25°.^ The pure water will gradually descend to 32°, 
and will there remain stationary a considerable time before it con- 
geals. Yet while thus stationary, it cannot be doubted, that the 
pure water is yielding caloric to me atmosphere, equally with the 

* See Appendix. 
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saline solution ; for it is impossible that a warmer body can be sur- 
rounded by a cooler one, without imparting caloric to the latter. 
The reason of this equable temperature is well explained by Dr. 
Crawford. (On Heat, p. 80.) Water, he observes, during freez- 
ing, is acted Upon by two opposite powers : it is deprived of caloric 
by exposure to a medium, whose temperature is below 32° ; and it 
is supplied with caloric, by the evolution of that principle from it- 
self, viz. of that portion which constituted its fluidity. As these 
powers are exactly equal, the temperature of the water most re- 
main unchanged, till the caloric of fluidity is all evolved. 

3. The evolution of caloric during the congelation of water, is 
well illustrated by the following experiment of Dr. Crawford :— 
into a round tin vessel put a pound of powdered ice"; surround this 
by a mixture of snow and salt in a larger vessel ; and stir the ice in 
the inner one, till its temperature is reduced to + 4° of Fahrenheit 
To the ice thus cooled, add a pound of water at 32°. One 5th of 
this, will be frozen, and the temperature of the ice will rise from 4° 
to 32°. In this instance, the caloric, evolved by the congelation of 
one 5th of a pound of water, raises the temperature of a pound of 
ice 28°. 

4. If we dissolve sulphate of soda in water, in the proportion of 
one part to five, and surround the solution by a freezing mixture, it 
cools gradually down to 31°. The salt, at this point, begins to be de- 
posited, and stops the cooling entirely. This evolution of caloric du- 
ring the separation of a salt, is exactly the reverse of what happens 
during its solution*. 

5. To a saturated solution of sulphate of potash in water, or of any 
salt that is insoluble in alcohol, add an equal measure of alcohol. 
The alcohol attracting the water more strongly than the salt retains 
it, precipitates the salt, and considerable heat is produced. 



SECTION IV. 

Caloric, the Cause of Vapour. 

I. Every liqtlid, when of the same degree of chemical purity, and 
under equal circumstances of atmospheric pressure, has one peculiar 
point oj temperature, at which it invariably boils. — Thus, pure wa- 
ter always boils at 212°, alcohol at 176°, and ether at 98°, Fahren- 
heit ; and, when once brought to the boiling point no liquid can 
be made hotter, however Tons the application of heat be con- 
tinued. The boiling point of water may be readily ascertained, 
by immersing the thermometer in water boiling, in a metalic ves- 
sel, over the hre. As there is some danger in applying heat direct- 
ly to a vessel containing either ether or alcohol, the ebullition of 
these fluids may be shown by immersing the vessel containing them 
in water, the temperature of which may be gradually raised. The 

* Blagden, Philosophical Transactions, Ixxviii. 290 v 
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appearance of boiling is owing to the formation of vapour at the hot- ! 

torn of the vessel, and its escape through the heated fluid above it 
That the steam, which escapes, is actually formed at the bottom, and j 

not at the top of the water, may be seen by boiling some water in a 
Florence flask, or other transparent vessel, over an Argand's lamp. 
The bubbles of vapour will all ascend from the bottom of the vessel. 
A few exceptions to the fixity of the boiling point of liquids, arising 
chiefly from the material of which the containing vessel is composed, 
have lately been stated by Gay Lussac*. 

II. Steam has exactly the same temperature as boiling water?-* 
Let a tin vessel be provided, having two holes in its cover, one of 
which is just large enough to admit the stem of a thermometer. Fill 
it partly with water, and let the bulb of the thermometer be an inch 
or tM'o above the surface of the water, leaving the other aperture 
open for the escape of vapour. When the water boils, the thermo- 
meter, surrounded by steam, will rise to 212°, which is precisely the 
temperature of the water beneath : yet water, placed on a fire, con- 
tinues to receive heat, very abundantly, even wnen boiling hot ; and 
as this heat is not appreciable by the thermometer, it mu$t exist in 
the steam, in a latent state. 

Perfectly formed steam in entirely invisible. We may satisfy 
ourselves of this by boiling strongly a small quantity of water in a 
flask ; for complete transparency will exist in the upper part of the 
vessel. It is only when it begins to be condensed, that steam be- 
comes visible. We have a proof also of the same fact in the thick 
fogs which are produced by a sudden transition from warm to cold 
weather ; the vapour which was imperceptible at the higher tempe- 
rature, being condensed and rendered visible by the lower. 

III. The boiling point of the same fluid varies, under different 
degrees of atmospheric pressure.'-— Thus water, which has been re- 
moved from the tire, and has ceased to boil, has its ebullition renew-* 
ed when it is placed under a receiver, the air of which is quickly 
exhausted by an air pump. Alcohol and ether, confined under an 
exhausted receiver, boil violently at the temperature of the atmos* 
phere. In general, liquids in vacuo, with about 140° less of heat, 
than are required under a mean pressure of the atmosphere!. Even 
the ordinary variations in the weight of the air, as measured by the 
barometer, are sufficient to make a difference in the boiling point 
of water of about 5° between the two extremes}. On ascending consi- 
derable heights, as to the tops of mountains, the boiling point of water 
gradually falls on the scale of the thermometer. Thus on the summit 
of Mount Blanc, water was found by Saussure to boil at 187° Fah- 
renheit. On this fact is founded the use of the thermometer in the 
measurement of heights, which though originally suggested by Fah- 

* Ann. de Chim. et Phys. vii. 307, or Journ. of Science, v. 361. 
•J* Black's Lectures, i. 151. 

* Sir G. Shuckburgh, in Philosophical Transactions, lxxix. 275, and Gen. 
Roy in ditto, lxvii. 687. 

4 Phil, Trans. 1817, p. 184. The instrument is sold by Mr. Carey in thte. 
Strand. 
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renheit, has only lately been made conveniently practicable, in con- 
sequence of the invention of a thermometer, adapted to the purpose, 
by the Rev. Mr. Wollaston*. Without entering into minute de- 
tails, it would not be possible to give a clear idea of the instrument. 
It may be sufficient to state that each degree about the boiling point 
is made to occupy a space, that admits of being distinctlj divided 
into 1000 parts. And as each degree of Fahrenheit is equivalent to 
0'589 of an inch of the barometer, which indicates an elevation of 
530 feet, it follows that one thousandth part of a degree will be 
equivalent to a difference in height of about six inches. In fact, the 
height of a common table produces a manifest difference in the boil- 
ing point of water, as ascertained by this sensible instrument. 

The influence of a diminished pressure in facilitating ebullition 
may, also, be illustrated by the following very simple experiment :— 
Place, over a lamp, a Florence flask, about three fourths filled with 
water; let it boil briskly during a few minutes; and, immediately 
on removing it from the lamp, cork it tightly, and suddenly invert it. 
The water will now cease to boil ; but, on cooling the convex part 
of the flask by a stream of cold water, the boiling will be renewed. 
Applying boiling water from the spout of a tea-kettle to the same 
part of the flask, the water will again cease to boil. This renewal 
of the ebullition, by the application of cold (an apparent paradox) 
is owing to the formation of an imperfect vacuum over the hot water, 
by the condensation of steam ; and the suspension of the boiling, on 
re-applying the heat, to the renewed pressure on the surface of the 
hot water, occasioned by the formation of fresh steam. 

From these facts, it may be inferred, that the particles of caloric 
are mutually repulsive, and that they communicate this repulsive 
tendency to other bodies in which caloric is contained. This repul- 
sive power tends to change solids into fluids, and. liquids into aeri- 
form bodies, and is chiefly counteracted by. the pressure of the 
atmosphere. 

Were this counteracting cause removed, many bodies, which at 
present have a liquid form, would cease to be such, and would be 
changed into a gaseous state. Precisely the same effect, therefore, 
results from the prevalence of either of these forces. Add to certain 
liquids a quantity of caloric; in other words, place them in a High 
temperature, and they are immediately converted into gases : or, 
their temperature remaining the same, diminish the weight of the 
atmosphere ; and the caloric, which they naturally contain, exerts, 
its repulsive tendency with equal effect, and they are in like man- 
ner converted into gases. These facts are best shown by the follow- 
ing experiments on ether : 

1. Ether, at the temperature of 104°, exists in the state of a gas. 
This may be shown by filling a jar with water of this temperature, 
and inverting it in a vessel of the same. Then introduce a little 
ether, by means of a small glass tube closed at one end. The ether 

* Phil. Trans. 1817, p. 184. The instrument is sold by Mr, Carey in .the 
strand. 
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will rise to the top of the jar, and, in its ascent, will be changed into 
gas, filling the whole jar with, a transparent, invisible, elastic fluid. 
On permitting the water to cool, the ethereal gas is condensed, and 
the inverted jar again becomes filled with water. 

2. Ether is changed into gas by diminishing the weight of the 
atmosphere. Into a glass tube, about six inches long, and half an 
inch in diameter, put a tea-spoonful of ether, and fill up the tube 
with water; then, pressing the thumb on the open end of the tube, 
place it, inverted, in a jar of water. Let the whole be set under the 
receiver of an air pump, and the air exhausted. The ether will be 
changed into gas, which will expel the water entirely from the tube. 
On re-admitting the air into the receiver, the gas is again condensed 
into a liquid form. 

IV. On the contrary, by considerably increasing the pressure, 
water may be heated to above 400° Fahrenheit, without being chang- 
ed into vapour.— This experiment requires, for its performance, a 
strong iron vessel, called a Papin*s digester, a plate of which may 
be seen in Gren's Chemistry. That the boiling point of water, and 
the temperature of steam, are raised by an increased pressure, may 
be shown, however, by means of the small boiler, represented, plate 
v. fig. 46, which will be found extremely useful in experiments on 
this subject. Its precise size, and directions for its construction, 
will be given in the Description of the Plates. 

On the cock c may be screwed, occasionally, a valve, loaded in 
the proportion of 14 pounds to the square inch. The boiler being 
rather more than half filled with water, and the perforated cap d be- 
ing screwed into its place, the ball of the thermometer will be an 
inch or more above the surface of the water, and will indicate its- 
temperature, as well as that of the steam, both being, necessarily, in 
all cases, precisely the same. Allowing the steam to escape through 
the cock c, before affixing the valve, the temperature of the steam, 
under a mean atmospheric pressure, will be 212°; When an addi- 
ti6nal atmosphere is added by the weighted valve, it will rise to 
above 240° ; by a valve twice as heavy as the first, or loaded in the 
proportion of 42 pounds to the square inch (= three atmospheres), 
the temperature of the steam will be raised to nearly 270°. This is 
as far as it is safe to carry the experiment ; but by substituting a 
strong iron vessel, the numbers have been obtained, which will be 
found in the form of a table, in the Appendix. 

V. The absorption of caloric, during evaporation, shown by ex- 
perimenti — Moisten a thermometer with alcohol, or with ether, and 
expose it to the air, repeating these operations alternately. The 
mercury of the thermometer will sink at each exposure, because the 
volatile liquor, during the evaporation, robs it of its heat. In this 
way (especially with the aid of an apparatus described by Mr. Car- 
vallo, in the Philosophical Transactions, 1781, p. 509), water may 
be frozen in a thin and small glass ball, by means of ether. The 
same effect may be obtained, also, by immersing a tube, containing 
water at the bottom, in a glass of ether, which is to be placed under 
the receiver of an air pump ; or the ether may be allowed to float on 
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the surface of the water. During the exhaustion of the vessel, the 
ether will evaporate rapidly ; and, robbing the water of heat, will 
completely freeze it; thus exhibiting the singular spectacle of two 
fluids in contact with each other, one of which is in the act of boiling, 
and the other of freezing, at the same moment. 

By a little modification of the experiment, mercury itself, which 
requires for congelation a temperature of almost 40° below of Fah- 
renheit, may be frozen, as was first shown by Dr. Marcet*. A con- 
ical receiver, open at the top, is placed on the plate of an air pump, , 
and a mercurial thermometer is suspended within the receiver, 
through the aperture, by means of a brass plate, perforated in its 
centre, and fitting the receiver air tight, when laid upon its open 
neck. The thermometer passes through this plate, to which it is 
fitted by a leather adjustment, or simply by a cork secured with 
sealing. Wax ; and it is so graduated, tfiat, when its bulb is sunk * 
few inches within the receiver, the stem rises externally through 
the plate, above which the scale begins* The bulb is then wrapped 
up, in a little cotton wool, or, what is better, in a small bag of fine 
fleecy hosiery ; and, after being dipped into ether, the apparatus is 
quickly laid over the receiver, which is exhausted as rapidly as pos- 
sible. In two or three minutes the temperature sinks to about 45° 
below 0, at which moment the quicksilver in the stem suddenly de- 
scends with great rapidity. If it be desired to exhibit the mercury 
in a solid state, common tubes may be used, which have originally 
been about an inch diameter, but have been flattened by pressure, 
when softened by the blow-pipe. The experiment succeeds, when 
the temperature of the room is as high as 40° Fahrenheit. 
\ VI. The fixation of caloric in water, by its conversion into steam 

may be shown by the following experiments: — 1. Let a pound of 
water at 212°, and eight pounds of iron filings at 300°, be sudden* 
ly mixed together. A large quantity of vapour will be instantly 
generated ; and the temperature of the mixture will be only 212° ; 
but that of the vapour produced is also riot more than 212° ; and the 
steam must therefore contain, in a latent or combined form, all the 
caloric which raised the temperature of eight pounds of iron filings 
from 212° to 300°. 
! " 2. The quantity of caloric, which thus becomes latent during the 

\ formation of steam, may be approximated, by repeating the following 

experiment of Dr. Black : He placed two cylindrical flat-bottomed 
vessels of tin, five inches in diameter, and containing a small quan- 
tity of water at 50°, on a red hot iron plate, of the kind used in 
kitchens. In four minutes the water began to boil, and in twenty 
minutes the whole was boiled away* In four minutes, therefore, 
the water received 162° of temperature, or 40°j in each minute. If 
we suppose, therefore, th&t the neat continues to enter the water at 
the same rate, during the whole ebullition, we must conclude that 
40£° X 20 = 810° have entered the water, and are contained in 
the vapour. 

* 34 Nich. Journal, 119* 
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It has been found by experiment that 75 pounds of Newcastle 
coal, or 100 pounds of coal of medium quality, applied in the best 
manner, are required for the vaporization of 12 cubic feet, or about 
89J wine gallons, of water. A pound of coal, on the average, may 
be considered as equivalent to convert a gallon of water into vapour. 
Wood charcoal, by combustion, is capable of melting 94 times its 
weight of ice, and of evaporating 13 times its weight of water, pre- 
viously at 32° Fahrenheit Peat of the best quality, when properly 
applied, evaporates 10 times its weight of water, but, as com- 
monly used, only 4 or 5 times. Even with the assistance of heated 
air, only sit times its weight can be evaporated, though Curaudau 
pretends to have evaporated 25 times its weight*. From evidence 
given before the House of Commons on the Gas Light Bill 17§ 
pounds of good London coke appear to be capable of raising from 
66 to 70 pounds of water into vapour, or about 4 times their weightt. 

VII. JPater, by conversion into steam, has its bulk prodigiously 
enlarged, viz. according to Mr* Watt's experiments, about 1 800 
times, or, according to Gay Lussac, only 1698 times. A cubit inch 
of water (or 252 grains) occupies, therefore, when converted into 
steam, the space of about a cubit foot. Hence its specific gravity, 
under the ordinary pressure of the air is to that of common air, 
nearly as 450 to 1000; or, taking Gay Lussac's data, as 10 to 16, or 
625 to 1000. 

VIII. On the 'contrary, vapours, during their conversion into li- 
quid form, evolve, or give out, much caloric. — The heat given out, 
by the condensation of steam, is rendered apparent by the following 
experiment : Mix 100 gallons of water at 50°, with 1 gallon of water' 
at 21 2°- The temperature of the water will be raided about 1£°. 
Condense by a common still-tub, 1 gal ion of water, from the state of 
steam, by 100 gallons of water, at the temperature of 50°. The 
water will be raised 11°. Hence, I gallon of water, condensed from 
steam, raises the temperature of 100 gallons of cold water 9J° 
more than 1 gallon of boiling water ; ana, by an easy calculation, it 
appears that the caloric imparted to the 100 gallons of cold water by 
8 pounds of steam, if it could be condensed in 1 gallon of water, 
would raise it to 950°J. The quantity of ice, which is melted by 
steam of ordinary density, is invariably 7£ times the .weight of the 
steam; 

For exhibiting the latent heat of steam, by means of a small ap- 
paratus, which may be placed on a table, and with the assistance 
only of a lamp, the boiler already described (fig. 46) will be found 
extremely well adapted. The right angled pipe e must be screwed, 
however, into its place, and must be made to terminate at the bot- 
tom of a jar, containing a known quantity of water of a given tem- 
perature. This conducting pipe and thejar should be wrapped round 
with a few folds of flannel. The apparatus being thus disposed, let 

* 79 An. Ch. 86. 
% f See a k° Count Rumford's Researches on the Heat developed in Combus- 
tion. Phil. Mag, xli. ^lii.and xliii. 
? Black's Lectures, i. 169. 
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the water in the boiler be heated by an Argand's lamp, with double 
concentric wicks, till steam. issues in considerable quantity through 
the cock c, which is then to be closed. The steam will now pass 
through the right angled pipe into the water contained in Hie jar, 
which will condense the steam, and will have its temperature very 
considerably raised. Ascertain the augmentation of temperature 
and weight ; and the result will show, how much a given weight of 
water has had its temperature raised by a certain weight of condens- 
ed steam. To another quantity of water, equal in weight and tem- 
perature to that contained in the jar at the outset of the experiment, 
add a quantity of water at 212°, equal in weight to the condensed 
steam ; it will be found, on comparison of the two resulting tem- 
peratures, that a given weight of steam has produced, by its conden- 
sation, a much greater elevation of temperature, than the same quan- 
tity of boiling water. This will be better understood by the follow- 
ing example, taken from actual experiment : 

Into eight ounces of water, at 50° Fahrenheit, contained in the 
glass jar, /. fig. 46, steam was passed from the boiler, till the tem- 
perature of the water in the jar rose to 173°. On weighing the 
water, it was found to have gained 8) drachms ; that is, precisely 8} 
drachms of steam had been condensed, and had imparted its heat to 
the water.— -To facilitate the explanation of this experiment, it is 
necessary to premise the following remarks. 

To measure the whole quantities of caloric contained in different 
bodies, is a problem in chemistry which has not yet been solved. 
But the quantities of caloric, added to or subtracted from, different 
bodies (setting out from a given temperature) may, in many cases, 
be measured and compared with considerable accuracy. Thus, if, 
as has been already stated, two pounds of water at 120° be mixed 
with two pounds at 60°, half the excess of caloric in the hot water 
will pass to the colder portion ; that is, the hot water will be cooled 
30°, and the cold will receive SO? of temperature; and if. the ex- 
periment be conducted with proper precautions, 90°, the arithmetical 
mean of the temperature of the separate parts, will be the tempera- 
ture of the mixture. If three pounds of water at 100° be mixed 
with one pound at 60°, we shall have the same quantity of heat as 
before, viz. four pounds at 90°. Hence, if the quantity of water be 
multiplied by the temperature, the product will be a comparative 
measure of the quantity of caloric which the water contains, ex- 
ceeding the zero of the thermometer employed. 

Thus, in the last example, 

S x 100 = 300 = the caloric above zero in the first portion. 
1 X 60 = 60 = the caloric above zero in the second do. 



The sum, 360 = the caloric above zero in the mixture. 
Dividing 360 by 4, the whole quantity of water, we obtain 90°, the 
temperature oi the mixture. 
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This method of computation may be conveniently applied to a va- 
riety of cases. Thus, in the foregoing experiment, 8 \ drachms of 
steam at 212°, added to 64 drachms of water at 50°, produced 72£ 
drachms of water at 173°. Now, 

72 \ X 173 as 12542J a» whole heat of the mixture. 

 cla ^ ca QOAft Cheat of 64 drachms, one of the coffl2 

64 X 50 - 3200 - ^ pQnent ^^ 

qoAQi 5 ** ea * °f ®4 drachms, the other compo* 

- """ { ponent part. 

Therefore 9342J divided by 8j — 1099, should have been the 
temperature of the latter portion ( viz. 8 J drachms), had none of its 
heat been latent: and 1099 — 212 == 887 gives the latent heat of 
the steam. This result does not differ more than might be expected, 
owing to the unavoidable inaccuracies of the experiment, from Mr. 
Watt's determination, which states the latent heat of steam at 900°, 
or from that to 950°*. Lavoisier, with the aid of the calorimeter, 
makes it 1000°, or a little moret. 

IX. The same weight of steam contains, whatever may be its den- 
sity* the same quantity of caloric ; its latent heat being increased in 
exact proportion as its sensible heat is diminished; and the reverse. 
Tins principle, though scarcely admitting of illustration by any easy 
experiment, is one of considerable importance ; and an ignorance of 
it has been the occasion of many fruitless attempts to improve the 
economy of fuel in the steam engine. The fact, so far as respects 
steam of lower density than that of 30 inches of mercury, was long 
ago determined experimental ly by Mr. WattJ. As the boiling point 
ot liquids is known to be considerably reduced under a diminished 
pressure, it seemed reasonable to suspect that, under these circum- 
stances, steam might be obtained from them with a less expenditure 
of heat. Water, Mr. Watt found, might easily be distilled in vacuo 
when at the temperature of only 70° Fahrenheit But, by condensing 
steam formed at this temperature, and observing the quantity of 
heat which it communicated to a given weight of water, he de- 
termined that its latent heat, instead of being only 955°, was be- 
tween 1200° and 1300°. 

The same principle may be explained also by the following illusr 
tration, which was suggested to me by Mr. Ewart Let us suppose 
that in a cylinder, furnished with a, piston, we have a certain quan- 
tity of steam, and that it is suddenly compressed, by a stroke of the 
piston, into half its bulk. None of the steam will in this case be 
condensed ; but it will acquire double elasticity, and its tempera- 
ture will be considerably increased. Now if we either suppose the 
cylinder incapable of transmitting heat, or take the moment instant- 
ly following the compression before any heat has had time to escape, 
it must be evident that the sensible and latent heat of the steam, 
taken together before compression, are precisely equal to the sensi- 

* Black's Lectures, i. 174. f Ibid . 175. * Ibid, i. 190. 
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ble and latent heat taken together of the denser steam. But in the 
flense steam, the sensible heat is increased, and the latent heat pro- 
portionally diminished. The explanation of this fact will be furnish- 
ed by a principle to be hereafter explained, that the capacities of 
elastic fluids for caloric are uniformly diminished by increasing their 
density. 

X. The evaporation of water is carried on much more rapidly 
under a diminished pressure, especially if the vapour 9 which is 
formed, be condensed as soon as it is produced, $o as to keep up the 
vacuum. 

On this principle depends Mr. Leslie's new ami ingenious mode 
of freezing water, in an atmosphere of medium temperature, by pro- 
ducing a rapid evaporation from the surface of the water itself. The 
water to be congealed is contained in a shallow vessel, which is sup- 
ported above another vessel, containing a strong sulphuric acid, or 
dry muriate of lime ; or even dried garden mould or parched oat- 
meal. Any. substance, indeed, that powerfully attracts moisture, 
may be applied to this purpose. The whole is covered by the re- 
ceiver of an air pump, which is rapidly exhausted ; and as soon as 
this is effected, crystals of ice begin to shoot in the water, and a con- 
siderable quantity of air makes its escapej after which the whole of 
the water becomes solid. The rarefaction required is to about 100 
times ; but to support congelation, after it has taken place, 20 or 
even 10 times are sufficient. The sulphuric acid becomes very warm ; 
and it is remarkable, that if the vacuum be kept up, the ice itself 
evaporates. In five or six days, ice of an inch in thickness will en- 
tirely disappear. The acid continues to act, till it has absorbed an 
equal volume of water. 

An elegant manner of making the experiment is to cover the ves- 
sel of water with a plate of metal or glass, fixed to the end of a sliding 
wire, which must pass through the neck of the receiver, and be, at. 
the same time, air tight, and capable of being drawn upwards. When 
the receiver is exhausted, the water will continue fluid, till the cover 
is removed, when, in less than five minutes, needle-shaped crystals 
of ice will shoot through it, and the whole wilt soon become frozen. 

In this interesting process, if it were not for the sulphuric acid, an 
atmosphere of aqueous vapour would fill the receiver ; and, pressing 
on the surface of the water, would prevent the further production of 
vapour. But the steam, which rises, being condensed the moment it 
is formed, the evaporation goes on very rapidly, and has no limits 
but the quantity of the water, and the diminished concentration of 
the acid*. 

It is on the same principle, that the instrument invented by Dr. 
Wollaston, and termed by him the Cryophoms, or Frostbearer, is 
foundedt. It may be formed by taking a glass tube, having an inter- . 

* The most complete account of this new mode of freezing is to be'found in 
the Supplement, now publishing", to the Encycl. Brit. art. Cold. 

f See plate 10. 
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« 

nal diameter of about f th of an inch diameter, the tube being bent to 
a right angle at the distance of half an inch from each ball. One of 
these balls should be about half filled with water, and the other should 
be as perfect a vacuum as can readily be obtained, the mode of ef* 
fecting which is well known to those accustomed to blow glass. One 
of the balls is made to terminate in a capillary tube; and when the 
water in the other ball has been boiled over a lamp a considerable 
time, till all the air is expelled, the capillary extremity, through 
which the steam is still issuing with violence, is held in the flame of 
the lamp, till the force of the vapour istfo far reduced, that the heat 
of the flame has power to seal it hermetically. 

When an instrument of this kind is well prepared, if the empty 
ball be immersed in a mixture of snow and salt, the water in the oth- 
er ball, though at the distance of two or three feet, will be frozen 
solid in the course of a -very few minutes. The vapour in the 
empty ball is condensed by the common operation of cold ; and the 
vacuum produced by this condensation gives opportunity for a fresh 
(quantity to arise from the opposite ball, with a proportional reduc- 
tion of its temperature. 



The large quantity of caloric, latent in steam, renders its applica- 
tion extremely useful for practical purposes. Thus, water may be 
heated, at a considerable distance from the source of heat, by length- 
ening the conducting pipe e, fig. 46. This furnishes us with a com- 
modious method of warming trie water of baths, which in certain 
cases of disease, it is of importance to have near the patient's bed- 
room ; for the boiler, in which the water is heated, may thus be 
placed on the ground-floor, or in the cellar of a house ; and the steam 
conveyed by pipes into an upper apartment. Steam may also be 
applied to the purpose of heating or evaporating water, by a modifi- 
cation of the apparatus. Fig. 46, ,g, represents the apparatus for 
boiling water by the condensation of steam, without adding to its 
quantity ; a circumstance occasionally of considerable importance. 
The steam is received between the vessel, which contains the water 
to be heated, and an exterior case ; it imparts its caloric to the water, 
through the substance of the vessel, is thus condensed, and returns 
to the boiler by the perpendicular pipe. An alteration of the form 
of the vessel adapts it to evaporation (fig. 46, h). This method of 
evaporation is admirably suited to the concentration of liquids, that 
are decomposed, or injured, by a higher temperature than that of 
boiling water, such as medicinal extracts; to tne drying of precipi- 
tates, &c. In the employment of either of these vessels, it is expe- 
dient to surround it with some slow conductor of heat. On a small 
scale, a few folds, of woollen cloth are sufficient ; and, when the ves- 
sel is constructed of a large size for practical use, this purpose is 
served by the brick-work in which it is placed. 
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SECTION V. 

Specific Caloric. 

EquAL weights of the same body, at the same temperature, contain 
the same quantities of caloric. But equal weights of different bodies 
at the same temperature, contain unequal quantities of caloric. The 
quantity of caloric, which one body contains, compared with that 
contained in another, is called its specific caloric $ and the power 
or property, which enables bodies to retain different quantities of 
caloric, has been called capacity for caloric. The method of de» 
termining the specific caloric, or comparative quantities of caloric 
in different bodies, is as follows : * 

It has already been observed, that equal weights of the same body, 
<at different temperatures, give, on admixture, the arithmetical mean. 
Thus, the temperature of a pint of hot water and a pint of cold, is, 
after mixture, very nearly half way between that of the two ex- 
tremes. But this is not the case, when eaual quantities of different 
bodies, at different temperatures, are employed. 

(a) If a pint of quicksilver at 100° Fahrenheit, be mixed with a 
pint of water at 40°, the resulting temperature will not be 70° (the 
arithmetical mean), but only 60°. Here the quicksilver loses 40° of 
heat, which nevertheless raise the temperature of the water only 20°; 
in other words, a larger quantity of caloric is required, to raise the 
temperature of a pint of water, than that of a pint of mercury, through 
the same number of degrees. Hence it is inferred, that water has 
a greater capacity for caloric than is inherent in Quicksilver. 

(6) The experiment may be reversed, by heating the water to a 
greater degree than the quicksilver. If the water be at 100°, and 
the mercury at 40°, the resulting temperature will be nearly 80°; , 
because the pint of hot water contains more caloric, than is necessa- 
ry to raise the quicksilver to the arithmetical mean. 

(c) Lastly, if we take two measures of quicksilver to one of water, 
it is of no consequence which is the hotter ; for the resulting tem- 
perature is always the mean between the two extremes i for example, 
70°, if the extremes be 100° and 40°. Here, it is manifest, that the 
same quantity of caloric, which makes one measure of water warmer 
by 30?, is sufficient for making two measures of quicksilver warmer 
by the same number. Quicksilver has, therefore, a less capacity 
than water for caloric, in the proportion, when equal measures are 
taken, of one. to two. * 

If, instead of equal bulks of quicksilver and water, we had taken 
equal weights, the disparity between the specific caloric of the mer- 
cury and water would have been still greater. Thus a pound of wa- 
ter at 100°, mixed with a pound of mercury at 40°, gives a tempera- 
ture of 97£°, or 27&° above the arithmetical mean. In this experi- 
ment, the water, being cooled from 100° to 97£° has lost a quantity 
of caloric reducing its temperature only 2 j° ; but this caloric, com- 
municated to the pound of mercury, has produced in its temperature 

Vol. L— O. 
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a rise of no less than 57£°. Therefore, a quantity of caloric, ne- 
cessary to raise the temperature of a pound of water 2|°, is sufficient 
to raise that of a pound of mercury 57%° ; or by the rule of projtor- 
tion^the caloric which raises the temperature of a pound of water 1°, 
will raise that of a pound of quicksilver about 23°. Hence it is in- 
ferred, that the quantity of caloric contained in water, is to that con- 
tained in the same weight of quicksilver as 23° to 1°. Or, stating 
the calloric of water at 1°, that of quicksilver will be ^ 3 part of 

1°, or 0,0435*. '\ 

When this comparison is extended to a great variety of bodies, 
they will be found to differ very considerably in their capacities for 
caloric. The results of numerous experiments of this kind are com- 
prised in a table of specific caloric t. 

The capacities of bodies for caloric influence, considerably, the 
rate at which they are heated and cooled. In general, those bodies 
are most slowly heated, and cool most slowly, which have the great- 
est capacities for heat J. Thus if water and quicksilver be set, in 
similar quantities and at equal distances before the fire, the quick- 
silver will be much more rapidly heated than the water ; and, on re- 
moval from the fire, it will cool with proportionally greater quick- 
ness than the water. By ascertaining the comparative rates ot cool- 
ing, we may even determine, with tolerable exactness, the specific 
caloric of bodies ; and particularly of one class (the gases), which 
are not easily compared in any other way§. The specific heat of 
the different aeriform fluids will be stated, on the authority of Dela- 
roche and Berard, in the chapter on gases. 



CHAPTER IV. 



OF LIGHT. 



THE laws of light, so far as they relate to the phenomena of its 
movement, and to the sense of vision, constitute the science of op- 
tics ; and therefore, not of Chemistry, but of Natural Philosophy. 
Light, however, is capable of producing important chemical effects, 
and of entering into various chemical combinations. Its action is, for 
the most part, exerted in de-oxidizing bodies ; the facts of this kind 
cannot be perfectly understood, until two important classes of bodies 
have been described, viz. those of oxides and of acids. In this place 

* The above numbers, which differ from those commonly stated, are given 
on the authority of Mr. Dalton. 

f See the Appendix. 

i See Martine, on Heat, page 74. 

§ See Leslie on Heat, chap. xxi. and Despretz Ann. de Chim. et Phy&- 
vi. 184, 
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therefore, I shall state only a few of, its least complicated effects; 
and shall trace its agency on different bodies, as they become the ob- 
jects of experiment in the sequel. 

I. Light, in the state in which it reaches the organ of vision, it 
is well known, is not a simple body, but is capable of being divided, 
by the prism, into seven primary rays or colours, viz. red, orange, 
yellow, green, blue, and violet. These are refrangible in the above 
order, the red being least refrangible, and the voilet most so. The 
image formed by the different rays thus separated, constitutes the 
solar spectrum. If it be divided into 300 parts, the red will oc- 
cupy 45 of these parts, the orange 27, the yellow 48, the green 60, 
the indigo 40, and the violet 80. 

II. Heat and light are not present, in corresponding degrees, in 
different parts of the solar spectrum. With respect to the illumi- 
nating power of each colour, Dr. Herschell found that the red rays 
are far from having it in an eminent degree. The orange possess more 
of it than the red ; and the yellow rays illuminate objects still more 
perfectly. The maximum of illumination lies in the brightest yellow 
or palest green. The green itself is nearly equally bright with the 
yellow ;but from the full deep green, the illuminating power decreas- 
es very sensibly. That of the blue is nearly on a par with that of 
the red ; the indigo has much less than the blue, and the violet is ve-» 
xy deficient*. 

III. The heating power of the rays follow a different order. 

— If the bulb of a very sensible air thermometer be moved in succes- 
sion, through the differently coloured rays, it will be found to indi- 
cate the greatest heat in the rays ; next in the green ; and so on in a 
diminishing progression, to the violet. The precise effects of the 
different rays, determined by Dr. Herschell's experiments, are as 
follow : 

The thermometer rose 

t JV ; 1 

In the blue in 3 minutes from 55° to 56° 

green, in 3 54 to 58 

yellow, in 3 —i 56 to 62 

- — full red, in 2 J 56 to 72 

confines of red, in 2J 58 to 73$ 

IV. When the thermometer is removed entirely out of the con- 
fines of the red rays, but with its ball still in the line of the spec- 
trum, it rises even higher than in the red rays ; and continues to rise, 
till removed half an inch beyond the extremity of the red rays. In 
this situation, quite out of the visible light, the thermometer rose in 
&j minutes from 61 to 79. The ball of the thermometer, employed 
for this purpose, should be extremely smallt, and should be blacken- 
ed with Indian ink. An air thermometer is better adapted than a 
mercurial one, to exhibit the minute change of temperature that en- 

* Philosophical Transactions, 1800, page 267. 

•\ Excellent thermometers for this purpose, and others requiring great sen- 
sibility, are made by Mr. Crichton, of Glasgow, and Mr. Carey, of London, 
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sues. These invisible heat-making rays may be reflected by the 
mirror, and refracted by the lens, exactly in the same manner as the 
rays of light. 

A fact has been ascertained by Dr. Delaroche, which seems to 
point out a close connection between heat and light, and a gradual 
passage of the one into the other. The rays of invisible heat pass 
through glass with difficulty, at a temperature below that of boning 
water; but they traverse it with a facility always increasing with 
the temperature, as it approaches the point when bodies become lu- 
minous. From these experiments, it would appear that the modifi* 
cation, whatever it be, which must be, impressed on the invisible 
rays, to render -them capable of penetrating through glass, makes 
them approach more and more to the state in which they must be, 
when they enter the eve, and occasion the sensation of vision. 

The experiments of Dr. Herschell, already confirmed by sir H. 
Englefield and other philosophers, were found correct in the main, 
when repeated by Mr. Berard*, the same progressive heating power 
being observed in the rays from the violet to the red. But he found 
the greatest heating power at the extremity of the spectrum, and not 
beyond it. He fixed it at the point, where the bulb of the ther- 
mometer was still entirely covered by the red ray; and the ther- 
mometer sunk progressively, in proportion .as the distance of its 
bulb from the red ray increased. Entirely out of the visible spec- 
trum, where Herschell fixed the maximum of heat, its elevation 
above the ambient air was only one fifth of what it had been in the 
red ray itself. The reflection of invisible radiant heat, Mr* Berard* 
found, follows precisely the same law as that of light. 

Y. Beyond the confines of the spectrum on the other side, tn*.a lit- 
tle beyond the violet ray, the thermometer is not affected ; but in thhj, 
place it is remarkable, that there are also invisible'rays of a different 
kind, which exert all the chemical effects of the rays of light, and* 
with even greater energy. One of the chemical properties of light, 
it will hereafter be stated, is, that it speedily changes, from white to 
black, the fresh-precipitated muriate of silvert. This effect is pro- 
duced most rapidly by the direct light of the sun; and the rays, as 
separated by the prism, have this property in various degrees. The 
blue rays, for example, effect a change of the muriate of silver in 15 
seconds, which the red require 20 minutes to accomplish ; and, gen- 
erally speaking, the power diminishes as we recede from the violet 
extremity. But entirely out of the spectrum, and beyond the violet 
rays, the effect is still produced. Hence it appears, that the solar 
beams consist of three distinct kinds of rays: of those that excite 
heat, and promote oxidation ; of illuminating rays; and of de-oxi- 
dizing or hybrogenating rays. It has lately, also, been assert- 
ed by' Morrichini, that the violet rays have a magnetising power, 
and are capable of reversing the poles of a needle already magnetic:};. 

* Thomson's Annals, ii. 163. f See chap, xviii, sect. iv. « 

t Ann. de Chim. et Phys. Jii. 323 ; Jour, of Science, v. 138 ; and Thom- 
sons Annals, xii. 1. 
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A striking illustration of the different power of the various kinds of 
rajs is furnished, by their effect on phosphorus. In the rays beyond 
the red extremity, phosphorus is heated, smokes, and emits white 
fames ; but these are presently suppressed, on exposing it to the 
de-oxidizing rays, whicn lie beyond the violet extremity. 
; " I found," says Sir H. Davy*, "that a mixture of chlorine and 
hydrogen acted more rapidly upon each other, combining without 
explosion, when exposed to the red rays, than placed in the violet 
rays; but that solution of chlorine in water became solution of mu- 
riatic acid mo$t rapidly, when placed in the most refrangible rays 
of the spectrum* Puce-coloured oxide of lead, when moistened, 
gradually gained a tint of red in the least refrangible rays, and at 
last became black, but was not affected in the most refrangible rays ; 
and the same change was produced by exposing it to a current of 
hydrogen gas. The oxide of mercury, procured by a solution of 
potash and calomel, exposed to the spectrum, was not changed in 
the most refrangible rays, but became red in the least refrangible 
ones, which must have depended on its absorbing oxygen. The vio- 
let rays produced, upon moistened red oxide of mercury, the same 
effects as hydrogen gas." 

The experiments of Berardt confirm those of Ritter and Wol- 
laston. To show the disproportion between the energies of the dif- 
ferent rays, he concentrated, by means of a lens, all that part of the 
spectrum, which extends from the green to the extreme violet; and, 
by another lens, all that portion, which extends from the green to 
the extremity of the red. In the focus of this last, though intensely 
bright to the eyes, muriate of silver remained above two hours un- 
altered ; but in that of the former, though much less bright, it was 
blackened in less than six minutes. 

VI. There is an exception however, as stated by Dr. Wollaston, 
to the de-oxidizing power of the rays above-mentioned. The sub- 
stance, termed gum-guaiacum, has the property, when exposed to 
the light, of being changed from a yellowish colour to green ; and 
this effect he has ascertained to be connected with the absorption of 
oxygen . Now in the most refrangible rays, which would fall beyond 
the violet extremity, he found that this substance became green, and 
was again changed to yellow by the least refrangible. This is pre- 
cisely the reverse of what happens to muriate of silver, whicn is 
blackened, or de-oxidized, by the most refrangible; and has its co- 
lour restored, or is again oxygenized, in the least refrangible rays* 

TIL Certain bodies have the property of absorbing the rays of 
light in their totality ; of retaining them for some time ; and of again 
evolving them unchanged, and unaccompanied by sensible heat. 
Thus, in an experiment of Du Fay, a diamond exposed to the sun, 
and immediately covered with black wax, shone in the dark, on re- 
moving the wax, at the expiration of several months, bodies, gift- 
ed with this property, are called solar PHOspHoitr. Such are Can- 
ton's, Baldwin's, Homberg's, and the Bolognian phosphori, which 

* £1 of Chim. Phtf. p. 211. f Thomson's Annate, ii. 165. 
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will be described hereafter. To the same class belong several natu- 
ral bodies, which retain-light, and give it out unchanged. Thus snow 
is a natural solar phosphorus. So also is, occasionally, the sea when 
agitated; putrid fish have a similar property ; and the glow-worm 
belongs to the same class. These phenomena are independent of 
every thing like combustion ; for artificial phosphori, after exposure 
to the sun's rays, shine in the dark, when placed in the vacuum of an 
air-pump, or under water, &c. where no air is present to effect 
combusiton. 

VIIL From solar phosphori, the extrication of light is facilitated 
by the application of an elevated temperature ; and, after' having 
ceased to shine at the ordinary temperature, they again emit light 
when exposed to an increase of heat. Several bodies, which do not 
otherwise give out light, evolve it, or become phosphorescent, when 
heated. Thus, powdered fluate of lime becomes luminous, when 
thrown on an iron plate raised to a temperature rather above that of 
boiling water ; ana one of its varieties, known to mineralogists un- 
der the name of cklorophane, gives out abundantly an emerald green 
light by the mere heat of theliand ; and after being exposed to the 
sun, or even to a candle, continues to shine in a dark place for some 
time*. The yolk of an egg, when dried, becomes luminous, on being 
heated ; and so also does tallow during liquefaction. *To exhibit the 
last mentioned fact, it is merely necessary to place a lump of tallow 
on a coal, heated below ignition, making the experiment iu. a dark 
room. 

IX. Attrition, also, evolves light. Thus, two pieces of common 
bonnet cane, rubbed strongly against each other in the dark, emit a 
faint light. Two pieces ofborax have the same property much more 
remarkably. 

X. Light is disengaged in various cases of chemical combination. 
Whenever combustion is a part of the phenomena, this is well 
known to happen ; but light is evolved, also, in other instances, 
where nothing like combustion gcfes forward. Thus, fresh prepared 
pure magnesia, added suddenly to highly concentrated sulphuric 
acid, exhibits a red heats, • ... 

XI. For measuring the relative intensities of light from various 
sources, an instrument has been contrived, called the photometer. 
That of Count Rumford, described in the 84th volume of the Philo- 
sophical Transactions, being founded on optical principles, does not 
fall strictly within the province of this work. It is constructed on 
the principle, that the power of a burning body, to illuminate any 
defined space, is directly as the intensity of the light, and inversely 
as the square of the distance. If two unequal lights shine on the 
same surface at equal obliquities, and an opaque body be interposed 
between each of them and the illuminated surface, the two shadows 
must differ in intensity or blackness ; for the shadow formed by in- 
tercepting the greater light will be illuminated by the lesser light 
only ■;. and, reversely, the other shadow will be illuminated by the 

* Thomson's Annals, ix. If, 
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greater light ; that is, the stronger light wiil be attended with the 
deeper shadow. But it is easy, Dy removing the stronger light to a 
greater distance, to render the shadow, which it produces, not deep- 
er than that of the smaller, or of precisely the same intensity. This 
equalization being effected, the quantity of light emitted by each 
lamp, or candle, will be as the square of the distance of the burning 
body from the white surface. ' 

The photometer of Mr. Leslie is founded on a different principle, 
viz. that light, in proportion to its absorption, produces heat. The 
degree of heat produced, and consequently of light absorbed, is mea- 
sured by the expansion of a confined portion 01 air. A minute des- 
cription of the ingenious instrument contrived by Mr. Leslie with 
this view, may be seen in his work on Heat, or in the 3d vol. of Ni- 
cholson's 4to. Journal. ' In its construction, it bears a considerable 
resemblance to the differential thermometer, already described, page 
75, and represented plate i. fig. 7. As both the balls of the latter 
instrument, however, are transparent, no change ensues in the situa- 
tion of the coloured liquid when it is exposed to the variations of 
light. But, in the photometer, one of the balls is rendered opaque, 
either by tinging the glass, or by covering it with a pigment ; and 
hence this ball, absorbing the incident light which passes freely through 
the transparent one, the air included in it becomes warmer than that 
of the other ball, and, by its great elasticity, forces the liquid up the 
opposite leg of the instrument. A graduated scale measures the 
amount of the effect ; and a glass covering defends the photometer 
from being influenced by the temperature of the atmosphere. 

The important discoveries of Malus,' respecting the polarisation 
of light, scarcely fall within the province of this work, and I refer, 
therefore, for a popular statement of them to the 33d vol. of Nichol- 
son's Journal, p. 344. 



CHAPTER V. 

OF GASES. 



SECTION I. 

Of the Apparatus for Oases. 

Tor performing the necessary experiments on gases, many arti- 
cles of apparatus are essential, that have not hitherto been describ- 
ed. It may assist the student in obtaining the necessary instru- 
ments, if a few of the most essential be here enumerated. In this 
place, however, I shall mention such only, as are necessary in mak- 
ing a few general experiments on this interesting class of bodies. 
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The apparatus, required for experiments on gases, consists partly 
of vessels fitted for containing the materials that afford them, and 
partly of vessels adapted for the reception of gases, and for submit* 
ting them to experiment. 

]• For procuring such gases as are producible without a very 
strong heat, glass bottles, furnished with ground stoppers and bent 
tubes, are sufficient (plate ii. fig. 18). Of these several will be re* 
quired, of different sizes and shapes, adapted to different purposes. 
If these cannot be procured, a Florence flask, with a cork perforata 
ed, by a bent glass tube, or even by a tin pipe, will serve for obtain- 
ing some of the gases. 

Those gases that require, for their liberation, a red heat, may be 
procured, by exposing to heat the substance capable of affording 
them, in eartherta retorts or tubes ; or in a gun barrel, the touch- 
hole of which has been accurately closed by an iron pin. To the 
mouth of the barrel must be affixed a glass tube, bent so as to con* 
vey the gases where it may be requisite. 

A very convenient apparatus, for obtaining such gases as cannot 
be disengaged without a red heat, is sold at the shops for philosophi- 
cal apparatus in London. It consists of a cast-iron retort, having 
a jointed metallic conducting tube fitted to it by grinding ; by means 
of which the gas may be conveyed in any direction, and to any mo* 
derate distance. It is represented as placed, when in actual use, 
between the bars of a common fire-grate (plate ix. fig. 85, a, 6.) 

2. For receiving the gases, glass jars, of various sizes (figs. 21, 
£2, 23), are required, some of which should be furnished with necks 
at the top, fitted with ground stoppers. Others should be provided 
with brass caps, and screws, for the reception of air-cocks (fig. 2,2). 
Of these last (the air-cocks), several will be found necessary; and, 
to some of them, bladders, or elastic bottles, should be firmly tied, 
for the purpose of transferring gases. These jars will also be found 
extremely useful in experiments on the properties and effects of the 
gases. Some of them should be graduated into cubical inches. 

To contain these jars, when in use, a vessel will be necessary, 
capable of holding a few gallons of water. This may either be of 
wood, if of considerable size ; or, if small, of tin, japanned or paint- 
ed. Plate iv. fig. 41, //exhibits a section of this apparatus, which 
lias been termed the pneumato-chemical trough, or pneumatic cis- 
tern. Its size may vary with that of the jars employed ; and, about 
two or three inches from the top, it should have a shelf, on which 
the jars may be placed, when filled with air, without the risk of be- 
ing overset. In this shelf should be a few small holes, to which in- 
verted funnels may be soldered. 

A glass tube, about 18 inches long, and three quarters of an inch 
diameter (fig. 24,) closed at one end, and divided into cubic inches,, 
and tenths of inches, will be required for ascertaining the purity of 
air by nitrous gas. It should be accompanied also with a small mea- 
sure, containing about two cubic inches, and similarly graduated. 
For employing the solution of nitrous gas in liquid sulphate of iron, 
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glass tubes, about five inches long, and half an inch wide, divided 
decimally, are also necessary. Besides these, the experimentalist 
should be furnished with air funnels, (fig. 19,) for transferring 
gases from wide to narrow vessels. 

An apparatus, almost indispensable in experiments on this class 
of bodies, is a gazo meter, which enables the chemist to collect and 
to preserve large quantities of gas, with the aid of onlj a few pounds 
of water. In trie form of this apparatus there is considerable varie- 
ty ; but, at present, I have no other view than that of explaining its 
genera] construction and use. It consists of an outer fixed vessel d 
(plate iv. fig. 35), and an inner moveable one c, both of japanned iron* 
The latter slides easily up and down within the other, and is sus- 
pended by cords passing over pulleys, to' which are attached the 
counterpoise, ee. To avoid the encumbrance of a great weight of 
Water, the outer vessel d is made double, or is composed of two cy- 
linders, the inner one of which is closed at the top and at the bot- 
tom. The space of only about half an inch is left between the two 
cylinders, as shown by the dotted lines. In this space the vessel c 
may move freely up and down. The interval is filled with water as 
high as the top of the inner cylinder. The cup, or rim, at the top of 
the outer vessel, is to prevent the water from overflowing, when the 
vessel c is forcibly pressed down, in which situation it is placed 
whenever gas is about to be collected. The gas enters from the 
vessel in which it is produced, by the communicating pipe 6, and 
passes along the perpendicular pipe marked by dotted lines in the 
centre, into the cavity of the vessel c, which continues rising till it 
is full. 

To transfer the gas, or to apply it to any purpose, the cock b is to 
be shut, and an empty bladder, or bottle or clastic gum, furnished 
with a stop cock, to be screwed on a. When the vessel c is pressed 
down with the hand, the gas passes down the central pipe, which it 
had before ascended, and Us escape at b being prevented, it finds its 
way up a pipe which is fixed to the outer surface of the vessel, and 
which is terminated by the cock a. By means of an ivory mouth- 
piece screwed upon this cock, the gas, included in the instrument, 
may be repaired ; the nostrils being closed by the fingers. When 
it is required to transfer the gas into glass jars standing inverted in 
water, a crooked tube may be employed, one end of which is screw- 
ed upon the cock b ; while the other aperture is brought under the 
inverted funnel, fixed into the shelf of the pneumatic trough. (See 
fig. 41, c.) 

Several alterations have been made in the form of this apparatus ; 
but they are principally such as add merely to its neatness and beau- 
ty, and not td its utility ; and they render it less easy of explana- 
tion. * The counterpoises ee are now, generally, concealed in the 
framing, and the vessel c is frequently made of glass. 

When large quantities of gas are required (as at a public lecture), 

the gas-holder, (plate iv. fig. 36), will be found extremely useful. It 

is made of tinned iron plate, japanned both within and without. 

Two short pipes, a and c, terminated by cocks, proceed from its 
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6ides,and another, 6, passes through the middle of the top or cover, j 

to which it is soldered, and reaches within half an inch of the bot- 
tom. It will be found convenient also to have an air-cock, with a 
very wide bore, fixed to the funnel at b. When gas is to be trans- 
ferred into this vessel from the gazometer, the vessel is. first com- 
pletely filled with water through the funnel, the cock a being left 
open, and c shut By means of a horizontal pipe, the aperture a is 
connected with a of the gazometer. The cock o being shut, a and c 
are open, and the vessel c of the gazometer (fig. 35), gently pressed 
downwards with the hand. The gas then descends trom the gazo- 
meter till- the air-holder is full, which may be known by the water 
ceasing to escape, through the cock c. All the cocks are then to be 
shut, and the vessels disunited. To apply this gas to any purpose, 
an empty bladder may be screwed on a ; and water being, poured 
through the funnel b, a corresponding quantity of gas is forced into 
the bladder. By lengthening the pipe b, the pressure of a column of 
water may be added : and tne gas being forced through a with con- 
siderable velocity, may be applied to the purpose of a blow-pipe, &c. 
&c. The apparatus admits of a variety of modifications. The most 
useful one appears to me to be that contrived by Mr. Pepys, consist- 
ing chiefly in the addition of a shallow cistern (e, plate ix. fig. 85) to 
the top of the air-holder, and of a glass register tube/, which shows 
the height of the water, and consequently the quantity of gas, in the 
vessel. A more minute account of it will be given in the descrip- 
tion of the ninth plate*. 

The gazometer, already described, is fitted only for the reception 
of gases that are confineable by water ; because quicksilver would 
act on the tinning and solder of the vessel, and would not only be 
spoiled itself, but would destroy the apparatus. Yet an instrument 
of this kind, in which mercury can be employed, is peculiarly desira- 
ble, on account of the great weight of that fluid ; and two varieties 
of the mercurial gazometer have therefore been invented. The one, 
of glass, is the contrivance of Mr. Clayfield, and may be seen repre- 
sented in the plate prefixed to Sir H. Davy's Researches. In the 
other, invented by Mr. Pepys, the cistern tor the mercury is of cast- 
iron. A drawing and description of it may be found in the 5th vol. 
of the Philosophical Magazine ; but as neither of these instruments 
are essential to the chemical student, and as they are required only 
in experiments of research, 1 deem it sufficient to refer to the minute 
descriptions of their respective inventors. Mr. Newman has lately- 
joined a gazometer of this kind to an improved mercurial trough, by 
means of which the advantages of both are obtained with only 60 or 
70 pounds of quicksilver. A description and drawing of this appa- 
ratus is given in the Journal of Science and the Arts, i. 1 86. , 

For those gases that are absorbed by water, a mercurial trough is 
necessary. For the mere exhibition of a few experiments on these 
condensible gases, a small wooden trough, 11 inches long, two wide, 

* Descriptions and figures of improved gas-holders may be seen also in the 
1 3th, 24th, 27th, and 44th vols, of the Philosophical Magazine. 
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and two deep, cut out of a solid block of mahogany, is sufficient ; 
but for experiments of research, one of considerable size is required. 
(See plate iii. fig. SI,/./.) 

The apparatus, required for submitting gases to the action of elec- 
tricity, is shown in plate ix. fig. 84 ; where a represents the knob of 
the prime conductor of an electrical machiue ; b a Leyden jar, the 
ball of which is in contact with it, as when in the act of charging; 
and c the\ tube standing inverted in mercury, and partly filled with 
gas. Th$ mercury is contained in a strong wooden box d, to which 
is screwed the upright iron pillar e 9 with a sliding collar for securing 
the tube c in a perpendicular position. When the jar b is charged 
to a certain intensity, it discharges itself between the knob a and the 
small ball i, which, with the wire connected with it, may be occasion- 
ally fitted on the top of the tube c. The strength of the shocks is 
regulated by the distance between a and i. 

By the same apparatus, inflammable mixtures of gases may be ex- 
ploded by electricity. In this case, however, the jar b is unnecessa- 
ry, a spark received by i from a bein^ sufficient to Kindle the mixture. 
The method of weighing gases is very simple, and easily prac- 
tised. For this purpose, however, it is necessary to be provided 
with a good air-pump ; and with a globe or flask, furnished with a 
brass cap and air-cock, as shown fig. 22, b. A graduated receiver is 
also required, to which ah air-cock is adapted, as shown at fig. 22, a. 
Supposing the receiver a to be filled with any gas, the weight of 
which is to be ascertained, we screw the cock of the vessel b on the 
transfer plate of an air-pump, and exhaust it as completely as possi- 
ble. The weight of the exhausted vessel is then very accurately 
taken, even to a small fraction of a grain ; and it is screwed upon 
the air-cock of the receiver a. On opening both cocks, the last of 
which should be turned very gradually, the gas ascends from the 
vessel a ; and the quantity, which enters into die flask, is known by 
the graduated scale on a. On weighing the vessel a second time, we 
. ascertain how many grains have been admitted. If we have ope* 
I rated on common air, we shall find its weight to be at the rate of 

| about S0.5 grains to 100 cubical inches. The same quantity of oxy- 

; gen gas will weigh about 34 grains, and of carbonic acid gas upwards 

of 47 grains. N 

| In experiments of this kind it is necessary either to operate with 

\ the barometer at 30 inches, and the thermometer at 60° Fahrenheit, 

[ or to reduce the volume of gas employed to that pressure and tem- 

perature, by rules which are given in the Appendix; Great care is 
, to be taken, also, not to warm any of the vessels by contact with the 

h&nds, from which they should be defended by a glove. On opening 
the communication between the receiver and the exhausted globe, if 
any water be lodged in the air cock attached to the former, it will be 
forcibly driven into the globe, and the experiment will be frustrated. 
This may be avoided by using great, care in filling the feceiver with 
water, before passing into it the gas under examination. 

The specific gravity of any gas compared with common air is 
readily known, when we have once determined its absolute weight. 
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Thus if 100 cubic inches of air weigh 30.5 grains, and the same 
quantity of oxygen gas weighs 34 grains, we say, 

30.5:34:: 1.000 : 1.1147. 

The specific gravity of oxygen gas will therefore be as 1.1147 to 
1.000. We may determine* also, the specific gravity of gases, more 
simply, by weighing the flask, first when full of common air, and 
again when exhausted ; and afterwards by admitting into it as much 
of the gas under examination as it will receive ; and weighing it a 
third time. Now as the loss between the first and second weighing 
is to the gain of weight on admitting the gas, so is common air to 
the gas whose specific gravity we are estimating. Supposing for ex- 
ample, that by exhausting the flask it loses 30.5 grains, and that by 
admitting carbonic acid it gains 47 ; then 

30.5 : 47:: 1.000 1.5409. 
The specific gravity of carbonic acid is therefore 1.5^09, air being 
taken at 1.000. And knowing its specific gravity, we can, without 
any farther experiment, determine the weight of 100 cubic inches of 
carbonic acid ; for as the specific gravity of air is to that of carbonic 
acid, so is 30.5 to the number required ; or 

1.000 : 1.5409 : : 30.5 : 47. 
One hundred inches of carbonic acid, therefore, will weigh 47 
grains. 

Previously to undertaking experiments on other gases, it may be 
well for an unpractised experimentalist to accustom himself to the 
dexterous management of gases, by transferring common air from 
one vessel to others of different sizes. 

1. When a glass jar, closed atone end, is filled with water, and 
held with its mouth downwards, in however small a quantity of wa- 
ter, the fluid is retained in its place by the pressure of the atmos- 
phere on the surface of the_exterior water. Fill in this manner, and 
invert, on the shelf of the pneumatic trough, one of the jars, which 
is furnished with a stopper (fig. 23). The water will remain in the 
jar so long as the stopper is closed ; but immediately on removing it, 
the water will descend to the same level within as without : for it is 
now pressed, equally upwards and downwards, by the atmosphere, 
and falls therefore in consequence of its own gravity. 

2. Place the jar, filled with water and inverted, over one of the 
funnels of the shelf of the pneumatic trough. Then take another 
jar, filled (as it will be of course) with atmospherical air. Place the 
latter with its mouth on the surface of the water :'and on passing it 
in the same position below the surface, the included air will remain 
in its situation. Bring the mouth of the jar beneath the funnel in the 
shelf, and incline it gradually. The air will now rise in bubbles, 
through the funnel, into the upper jar, and will expel the water from 
it into the trough. .,. 

3. Let one of the jars, provided with a stop-cock at the top be 
placed full of air on the shelf of the trough. Screw upon it an 
empty bladder; open the communication between the jar and the 
bladder, and press the former into the water. The air will then 
pass into the bladder, till it is filled ; and when the bladder is re- 
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i moved from the jar, and a pipe screwed upon it, the air may be again 

transferred into a jar inverted in water. 
| 4. For the purpose of transferrins gases from a wide vessel stand- 

I ing over water, into a small tube tilled with and inverted over mer- 

l cury, I have long used the following contrivance of Mr. Cavendish. 

A tube, eight or ten inches long, and of very sm^ll diameter, is drawn 
out to a fine bore, and bent at this end, so as to resemble the 
italic letter /. The point is then immersed in quicksilver, which is 
drawn into the tube till it is filled, by the action of the mouth. Plac- 
ing the finger over the aperture at the straight end, the tube, filled 
with quicksilver, is next conveyed through the water, with the bent 
end uppermost, into an inverted jar of gas. When the finger is re- 
moved, the quicksilver falls from the tube into the trough, or into a 
cup placed to receive it, and the tube is filled with the gas. The 
who! 6 of the quicksilver, however, must not be allowed to escape ; 
but a column must be left, three or four inches Ions, and must be 
kept in its place by the finger. Remove the tube from the' water ; 
let an assistant dry it with blotting paper ; and introduce the point 
of the bent end into the aperture of the tube standing over quick- 
silver. On withdrawing the finger from that aperture which is now 
uppermost, the pressure of the column of quicksilver, added to the 
weight of the atmosphere, will force the gas from the bent tube into 
the one standing in the mercurial trough. 

On every occasion, when it is necessary to observe the precise quan- 
tity of gas, at the commencement and close of an experiment, it is es- 
sential that the barometer and thermometer should exactly corres- 
pond at both periods. An increased temperature, or a fall of the 
barometer, augments the apparent quantity of gas ; and a reduced 
temperature or a higher barometer diminishes its bulk. Another 
circumstance, an attention to which is indispensable in all accurate 
experiments, is that the surface of the fluid, by which the gas is 
confined, should be precisely at the same level within and without 
the jar. If the fluid be higher within the jar, the contained gas will 
be under a less pressure than that of the atmosphere, the weight of 
which is counterpoised by that of the column of fluid within. In 
mercury, this source of error is of very considerable amount ; as 
any person may be satisfied by pressing down, into quicksilver, a 
tube partly filled with that fluid, and partly with air, for the volume 
of the air will gradually decrease, the deeper the tube is immersed. 
In experiments on gases, it is not always possible, however, to be- 
gin and conclude an experiment at precisely the same temperature, 
or with the same height of the barometer ; or even, to bring the mer- 
cury within and without the receiver to the same level. In these 
cases, therefore, calculation becomes necessary ; and with the view 
of comparing results more readily and accurately, it is usual to re- 
duce quantities of gas to the bulk they would occupy under one 
given pressure, and at a given temperature. In this country, it is 
now customary to assume as a standard 30 inches of the barometer, 
and 60° of Fahrenheit's thermometer ; and to bring, to these stand- 
ards, observations made under other degrees of atmospheric pressure 
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and temperature. The rules for these corrections, "which are suffi- 
ciently simple, I shall give in the Appendix. ^ j 

Of experiments illustrative of the nature of gases in general, it 
may tie proper to mention one or two that show the mode in which 
caloric exists in this class of bodies. In vapours, strictly so called, 
as the steam of water, caloric seems to be retained with but little 
force ; for it quits the water when the vapour is merely exposed to 
a lower temperature. But, in gases, caloric is united by a very for- 
cible affinity, and no diminution of temperature, that has ever yet" 
been effected, can separate it from some of them. Thus the air of 
our atmosphere, in the most intense artificial or natural cold, still 
remains in the aeriform state. Hence is derived one character of 
gases, viz. that they remain aeriform under almost all variations of 
pressure and temperature ; and in this class are also included those 
aerial bodies, which, being condensed by -water, require confine- 
ment over mercury. The following experiment will snow, that the 
caloric, contained in gases, is chemically combined. 

Into a small retort (plate ii. fig. 26, b) put an ounce or two of wel 1 
dried common salt, and about half its weight of sulphuric acid. 
By this process, a great quantity of gas is produced, which might i , 

be received and collected over mercury. But, to serve the purpose 
of this experiment, let it pass through a glass balloon, c, having^ 
three openings, into one of which the neck of the retort passes, 
while, from the other, a tube e proceeds, which ends in a vessel of 
water, /, of the temperature of the atmosphere. Before closing 
the apparatus, let a thermometer, d, be included in the balloon, to 
show the temperature of the gas. It will be found that the mercury, 
in this thermometer, will rise only a few degrees, whereas the wa- 
ter, in the vessel which receives the bent tube, will soon become 
boiling hot. In this instance, caloric flows from the lamp to the 
muriatic acid, and converts it into gas ; but the heat, thus expended, 
is not appreciable by the thermometer. The caloric, however, is 
again evolved, when the gas is condensed by water. In this expe- 
riment, we trace caloric into a latent state, and again into the state 
of free or uncombined caloric. 

A considerable part of the caloric, which exists in gases in a 
latent state, may be rendered sensible by rapid mechanical com- 
pression. Thus if air be suddenly compressed in the ball of an 
air-gun, the quantity of caloric liberated by the first stroke of the 
piston, is sufficient to set fire to a piece of the tinder called amadou*. 
A flash of light is said, also, to be perceptible at the moment of con- 
densation. This fact has been applied to the construction of a por- 
table instrument for lighting a candle. It consists of a common 
syringe, concealed. in a walking stick. At the lower extremity, 
the syringe is furnished with a cap, which receives the substance 
intended to be fired, and and which is attached to the instrument 
by a male and female screw. The rapid depression of the piston 



* Philosophical Magazine, xiv. 363, and xl. 424. 
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condenses the air, and evolves sufficient heat to set the tinder on 
fire*. 

For demonstrating the influence of variations of atmospheric 
pressure on the formation of gases, better experiments cannot be 
devised than those of Lavoisiert. But as some students, who have 
the use of an air-pump, niay not possess the apparatus described 
by Lavoisier (the glass bell and sliding wire), it may be proper to 
point out an easier mode of showing the same fact. This proof is 
furnished by the experiment already described, in which ether is 
made to assume alternately an aeriform and liquid state, by remov- 
ing and restoring the pressure of the atmosphere. 

Gases, when once formed, undergo a considerable change of bulk 
by variations of external pressure. The general law, which has been 
established on this subject is, that the 'volume of gases is inversely 
as the compressing force. If, for example, we have a quantity of 
gas occupying 60 cubic inches, under the common pressure of the 
atmosphere, it will till the space of only 30 cubic inches, or one half, 
under a double pressure ; of SO inches, or one 3d, under a triple 
pressure ; of 15 inches, or one 4th, under four times the pressure; 
and so on. When the pressure is sudden, considerable heat is evol- 
ved ; and it appears, from Gay Lussac's experiments, that different 
gases, when equally compressed, give out different quantities of heat, 
bearing probably a proportion of their specific heats. 

The law of the dtlatibility of gases by heat has already been stated 
to be an enlargement of about 4 J th part of their bulk for each de- 
gree of Fahrenheit's scale, between the freezing and boiling points 
of water. At a temperature capable of rendering glass luminous 
(probably about 1035° Fahrenheit), 1 volume becomes about 2.5t. 

Before dismissing the consideration of the gases in general, mere 
are a. few properties, which it may be proper to notice, with the 
view of comparing the degree in which they belong to different in- 
dividuals of the class. 

I. The exact specific gravity of the different gases is a most im- 
portant element, in calculating the proportion of the ingredients 
of compounds, into which they enter. Nothing, indeed, can show 
the importance of this object more strikingly, than the fact, that 
on the precise specific gravities of hydrogen and oxygen gases, 
depend the whole series of numbers, which are used to express 
the weights of the atoms of bodies on the Daltonian theory. The 
following Table exhibits the specific gravities of the most impor- 
tant of this class of bodies. 

* Philosophical Magazine, xxxi. 130. 
f See his Elements, chap. 1. 

* Davy, Phil. Trans. 18ir. p. 54. 
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TABLE OF THE SPECIFIC GRAVITY OF GASES*. 



Barometer 30. Thermometer 60 °. 



Names of Gases. 



Atmospherical air , 
- fOxygen gas 
£ m | Ditto 

£ - - 

*dS ® Nitrogen gas 



°* 25'-^ Hydrogen gag 



e 

c 



p 
o 

s 

o 

O 

•a 

9 



00 



Speci- 
fic Gra- 
vity. 



Wt. of 

lOQcub. 
inches. 



Authority. 



U 



^Caloric gas 

Ammoniacal gas 

Carbd. Hydr. from stagnant water 

defiant gas .... 

Phosphureted hydrogen 

Ditto. ..... 

Hydro-phosphoric Gass 

Sulphnreted hydrogen . 

Ditto 

Arsenureted hydrogen 

Vapour of alcohol . . 

Ditto of sujphuric ether 

("Carbonic oxide . . . 

J Nitrous oxide .... 

"i Nitrous gas .... 

IJDitto 

Carbonic acid .... 

Ditto 

Muriatic acid 

Nitric Acid 

Sulphureous acid 

Ditto 

Phosgene gas . 

Silicated fluoric 

Fluoboracic . 



1.0000 

1.1088 

1.10359 

07321 

0.9691 

2.5082 

0.5960 

0.666 

0.974 

0.852 

0.435 

0.870 

1.177 

1.231 

0.529 

2.100 

2.250 

0.967 

1.614 

1.049 

1.0388 

1.518 

1.5495 

1.278 

2.425 

2.193 

2.303 

3.3894r 

2.990 

2.370 



Grains. 

30.50 

33.82 

2.23 
29.55 
76.50 
18.18 
2«j.66 
29.72 
25.98 
13.26 
26.53 
35.89 
38.17 
16.13 
65. 
70. 
30.19 
49.22 
32. 

31.684 
46.31 
47.26 
38.$7 
76. 
66.89 
70.24 
105.97 
91.19 
72.31 



Shuchburgh. 

Allen and Pepys. 

Biot and Arago, 

Ditto. 

Ditto. 

Davy. 

Allen and Pepys. 

Dalton. 

Thomson. 

Dalton and Henry. 

Davy. 

Ditto. 

Ditto. 

Thenard. 

Tromsdorff 

Dalton. 

Ditto. 

Cruickshank. 

Davy. 

Ditto. 

Berard. 1 

Saussure. 

Allen and Pepys. 

Davy and Biot. 

Davy. 

Ditto. 

Gay Lussac. 

John Davy, 

Ditto. 

Ditto. 



1 



II. The determination of the specific heat of gases is a difficult 
and important problem, which has successively employed the la- 
bour and ingenuity of Crawford, Lavoisier and De la Place, Leslie, 
Gay Lussac, Dalton, and Delaroche and Berard. The results of 
the two last-mentioned philosophers, having been attained with the 
advantages of the improved state of the science, and of instruments 
of the greatest delicacy and refinement, are perhaps most entitled to 
confidence. The details of their experiments are given in the 85tli 
volume of the Annales de Chimie, preceded by an historical review 
of the labours of their predecessors. The following Table contains 
the general results. 

* Gay Lussac's Table, which is more copious, but in which the numbers 
are not reduced to a mean of the barometer and thermometer, is copied into 
Thomson's Annals, ix. 16. ; a Table by Professor Meinecke of Halle is inserted 
in the Journal of Science, &c. iii. 415. 
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TABLE OF THE SPECIFIC HEAT OF 80ME GASES. 



1£1 



Names ta Gases. 




Atmospheric air 
Hydrogen gas . 
Oxygen gas . . 
Nitrogen gas. . 
Nitrous oxide . 
Olefiant gas . 
Carbonic oxide 
Carbonic acid ; 



J 



1.0000 
U.9033 
0.9T65 
1.0000 
1.3503 
1.5530 
1.0340 
1.2583 



1.0000 
12.340 
0.8848 
1.0318 
0.8878 
1.5763 
1.0805 
0.8280 



Specific 
gravities. 



I 



1.0000 
0.0733 
1.1036 
0.9691 
1.5209 
0.988$ 
0.9569 
1.5196 



III. Ml solid bodies, that possess a certain degree of porosity, are 
capable of absorbing gases. Th is was first observed in charcoal, the 
power of which to condense different gases will be fully described 
in the section on that substance. It has been found, also, by Saus- 
sure, jun. to belong to a stone called meerschaum, to adhesive slate, 
abestos, rock cork, and other minerals ; and to raw silk and wool. 
The following general principles are deducible from the experiments 
of Saussure*. 

1. It is necessary to deprive the solid of the air which it natural- 
ly contains. When of a nature not to be injured by heat, this is most 
effectually done by igniting the solid, and quenching it under mer- 
cury, where it is to be kept, till admitted to a given volume of the gas 
to be absorbed. Solids that are decomposible by heat may be de- 
prived, though less effectually, of air, by placing them under a receiv- 
er, which must then be exhausted by the air pump. 

2. The same solid absorbs different quantities of different £ases« 
Charcoal for instance condenses 90 times its bulk of ammoniacaT gas, 
and not quite twice its bulk of hydrogen. 

3. Solids ; chemically the same, absorb different quantities of the 
same gas, according to their state of mechanical aggregatipn. Thus 
the dense charcoal of box- wood absorbed 7 j volumes of air, while- 
a light charcoal prepared from cork, did not absorb a sensible quan- 

tit 7- 

4. Different solids absorb different quantities of the same gas ; the 

quantity of carbonic acid absorbed by charcoal being about seven* 
times greater than that absorbed by meerschaum* 

5. When the solid exerts no chemical action on the gas, the ab- 
sorption is terminated in 24 or S6 hours. 

6. The effect of moistening the solid is to retard the absorption 
and to diminish its amount;. and when a gas has actually been absorb- 
ed, it is again driven out unchanged, partly by water of the ordinary 
temperature, and entirely by exposure to a boiling heat 

7» During the absorption of a gas by a solid, the temperature of 
the latter nses several degrees, and bears a proportion to the absor- 
bability of the gas, and the rapidity with which it is condensed. 

8. Solids condense a greater number of volumes of the more-absorb* 
€ble gases under a rare than under a dense atmosphere; Jtait if tha 

* Thomson's Annals, vi. 241. 

Vol. Lr-<& 



I££ GASES* Chapv. 

absorption be reckoned by weight, it is most considerable under the 
latter state. 

. 9. When a solid saturated with any one gas is introduced into 
an atmosphere of any other gas, a portion of the first is expelled, 
and a part of the second takes its place. 

IV. Gases are absorbed by liquids. On this subject the following 
general principles may be laid down. 

1. The same liquid absorbs different quantities of different gases. 
Thus water takes up its own bulk of carbonic acid, and not one fif- 
tieth of its bulk of hydrogen gas. 

2. Diiferent liquids absorb different quantities of the same gas. 
Alcohol, for instance, absorbs almost twice as much carbonic acid, as 
is taken up by an equal volume of water. 

3. The absorption is promoted by first freeing the liquid from air, 
either by long continued boiling in a vessel with a narrow neck, or by 
the air-pump. It requires, also, brisk and long continued agitation, 
especially with the less absorbable gases. 

4. It does not appear that the gases are absorbed by all liquids in 
the same order. For example, of four gases naphtha absorbs most 
defiant gas; oil of lavender most nitrous oxide; olive oil most 
carbonic acid ; and solution of muriate of potash most carbonic ox- 
ide. 

. 5. The vicidity of liquids, though it does not much influence the 
amount absorbed, occasions a longer time to be spent in effecting the 
absorption. On the other hand, the amount of any gas which is ab- 
sorbed by water, is diminished by first dissolving in the water any 
saline substance. 

6. In general the lightest liquids possess the greatest power of ab- 
sorbing gases ; whereas, when there is no evident chemical action, 
the heaviest gases are absorbed most copiously and rapidly by the 
same liquid. 

7. The temperature of a liquid is raised by the absorption of a gas, 
in proportion to the amount and the rapicjity of the absorption. 

8. In all liquids the quantities of gases absorbed are directly as the 
pressure. For example, a liquid, which absorbs its own bulk of gas 
under the pressure ot the atmosphere, will still absorb its own bulk 
of the same gas under double, triple, &c. pressure ; but its own bulk 
of gas, twice compressed, is equal to double its bulk of gas ordina- 
rily compressed, and so on. 

9. When any liquid is agitated with a limited quantity of any 
mixture of two gases, it does not absorb one only to the exclusion 
of the other, but it absorbs both. In this case, the quantities, which 
it takes up of each, are such, that the densities of the gases are the 
same in and out of the liquid, after the absorption is completed. 
Thus when 20 measures of pure carbonic acid are agitated with 10 
of common air, at least 10 measures of gas are absorbed. But from i 

a mixture of SO measures of carbonic acid with 10 of common air 
only Jds of 10 (=6.6) are absorbed by 10 measures of water ; and 
the gas both in and out of the water, is two thirds carbonic acid and 
one third air, at the close of the experiment 
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The principle, on which gases are absorbed and retained by li- 
quids, is still a subject pf controversy. By Berthollet, Thomson, 
Saussure, and the generality of chemists, it is ascribed to the exer- 
tion of a chemical affinity between the gas and the liquid ; but it is 
contended by Mr. Dalton and myself that the effect in most cases is 
chiefly, if not wholly, mechanical. The discussion would lead me in- 
to details of too great a length ; and 1 refer, therefore, for a state- 
ment of the argument, to two papers which I have published in the 
8th and 9th volumes of Nicholson's Journal ; to Mr. Dal ton's New 
System of Chemical Philosophy ; and to his reply, in the 7th vol. of 
Dr. Thomson's Annals, to the objections, which had been advanced 
against the mechanical theory, by Saussure, in the 6th volume of the 
same work. 

V. The velocities, with which different gases, when condensed 
artificially by the same degree of pressure, escape through a capilla- 
ry tube, has been shown by Mr* Farady to vary very considerably*. 
The following table shows the comparative times required by some 
of the gases to escape from a vessel in which they were all equally 
compressed at the outset, till their density arrived at an atmosphere 
and a quarter. 

Carbonic acid required f . . . . 156.5 minuted. 

Olefiant gas 135.5 

Common air 128 

Coal gas . . . . ; 100 

Hydrogen 57 

These differences cease to exist at low pressures ; but under the 
circumstances which have been stated, there seems reason to believe 
that the velocities, with which gases escape through capillary tubes, 
are inversely as their specific gravities, or in some proportion ap- 
proaching this. 

VI. The colour of the electric spark, when transmitted through 
different gases, has been observed by De Grotthust to be as fol- 
lows : 

In atmospheric air of double density, the spark was more brilliant, 
but not coloured. 

In hydrogen gas purple. 

— phosphureted hydrogen . .-. red. 

— ammonia red. 

— dry carbonic acid gas violet. 

— • oxygen gas ditto. 

— aqueous vapour P orange. 

— vapour of ether ? ^ , , 
-ditto of alcohol^ celadongreen. 

The general inference from his experiments is, that the intensity 

* Journal of Science, &c. iii. 354. 
1 82 An. de Ch. 34. 
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of electric tight is always in a direct proportion to the density of the 
gas, and in the inverse proportion to the conducting power of the 
gas for electricity. 

VII. The comparative soniferous properties of the gases have been 
determined by Messrs. Kerby and Merrick ; bat as these belong 
rather to mechanical than to chemical science, I shall content my- 
self with referring to the account of them in the 27th and 33d vol- 
umes of Nicholson's Journal, and in the 45th volume of the Philoso- 
phical Magazine. 



SECTION II. 

Oxygen Gas. 

We have no knowledge of the properties of oxygen in a state of 
complete separation. . In the most simple form, under which we can 
procure it, it is combined with caloric, and probably with light and 
electricity, constituting oxygen gas. 

I. Oxygen gas may be procured from various substances* 

1. From the black oxide of manganese, heated to redness in a gun- 
barrel, or in an iron or earthen retort; or, from the same oxide, heat- 
ed by a lamp in a retort or gas bottle, with half its weight of strong 
sulphuric acid. 

2. From the red oxide of lead (the common red lead used by paint- 
ers), heated either with or without sulphuric acid. 

3. From various other oxides, as will be hereafter mentioned. 

4. From nitrate of potash (common saltpetre) made red-hot in a 
gun-barrel, or in an earthen retort 

5. From oly-nuriate of potash, heated in a small glass retort, 
over an Argand's lamp. The oxygen gas thus produced, is much 
purer than that obtained in any other mode, especially the last por- 
tions, which should be kept separate. 

All these substances, after having yielded oxygen gas, are found 
considerably diminished in weight ; and calculating each cubic inch 
of gas to be equal to one third of a grain, the loss of weight will be 
found pretty exactly equivalent to that of gas generated. 

II. This gas has the following properties : 

1. It is not absorbed by water* ; or, at least, is so sparingly ab- 
sorbed, that, when agitated in contact with water, no perceptible di- 
minution takes place. 

2. It is rather heavier than common air. Sir H. Davy originally 
stated 100 cubic inches at 55* Fahrenheit, and 30 inches of the baro- 

* In this as in several other instances, where a gas is said not to be absorbed 
by water, the assertion is not to be taken strictly, but merely as implying 1 that 
only a minute and difficultly appreciable portion is absorbed. The precise 
.proportion of each gas absorbed by water isj stated in chap. vi. sec.iii. in the 
form of a table. 
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meter, to weigh 35.06 grains; and at the temperature of 60°, the 
same quantity would weigh 34.70, or, according to the same author, 
in his Elements of Chemical Philosophy, 34 grains. Messrs. Allen 
and Pepys have determined 100 cubic inches to weigh 33.92 grains, 
the barometer being 30, and thermometer 60°. By Biot and Arago 
its specific gravity is stated to be 1.10359. 

3. All combustible bodies burn inpxygen gas with greatly increas- 
ed splendour. 

(a) A lighted wax taper, fixed to an iron wire, and plunged into a 
vessel of this gas, burns with great brilliancy, pi. iv. ng. 3§. If the 
taper be blown out, and let down into a vessel of the gas while the 
snuff remains red hot, it instantly rekindles, with a slight explosion. 

(b) A red-hot bit of charcoal, fastened to a copper wire, and im- 
mersed in the gas, throws out beautiful sparks. 

(c) The light of phosphorus, burnt in this gas, is the brightest that 
can be in any mode produced. Let the phosphorus be placed in a 
small hemispherical tin cup, which may be raised by means of the 
wire stand, pi. ii. fig. £5, two or three inches above the surface of 
water contained in a broad shallow dish. Fill a bell-shaped receiv- 
er, having an open neck at the top, to which a compressed bladder is 
firmly tied, with oxygen gas ; and, as it stands inverted in water, 
press a circular piece of pasteboard, rather exceeding the jar in dia- 
meter, over its mouth. When an assistant has set fire to the phos- 
phorus, cover it instantly with the jar of oxygen gas, retaining the 
pasteboard in its place, till the jar is immediately over the cup. 
When this has been skilfully managed, a very small portion only of 
the gas will escape; and the inflammation of the phosphorus will 
be extremely brilliant. The expanded gas rises into the flaccid 
bladder, and is thus prevented from escaping into the room, and 
proving disagreeable by its suffocating smell. 

(d) Substitute, for the phosphorus in experiment c, a small ball 
formed of turnings of zinc, in which about a grain of phosphorus is 
to be inclosed. Set fire to the phosphorus, and cover it expeditious- 
ly with the jar of oxygen. The tine will be inflamed, and will 
burn with a beautiful white light. A similar experiment may be 
made with metallic arsenie, which may be moistened with spirit of 
turpentine. The filings of various metals may also be inflamed, by 
placing them in a small cavity, formed in a piece of charcoal, ignit- 
ing the charcoal, and blowing, on the. part containing the metal, a 
stream of oxygen gas. 

(e) Procure some thin harpsichord wire, and twist it round a slen- 
der rod of iron or glass, so as to coil it up in a spiral form.* Then 
withdraw the rod, and tie a little thread or flax round one end of the 
wire, for about one 20th of an inch ; which end is to be dipped into 
melted sulphur. The other end of the wire is to be fixed into a 
cork ; so that the spiral may hang vertically (fig. 39). Fill, also, 
with oxygen gas, a bottle capable of holding about a quart, and set it 
with its mouth upwards. Then light the sulphur, and introduce the 
wire into the bottle of gas, suspending it by the cork. The iron 
will burn with ft most brilliant light, throwing out a number of sparks, 
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which fall to the bottom of the bottle, and. generally break it. This 
accident, however, may frequently be prevented by pouring sand in- 
to the bottle, so as to lie about half an inch deep on the bottom (see 
pi. iv. fig. 39). According to Mr. Accum*, a thick piece of iron or 
steel, such as a file, if made sharp pointed, may be burnt in oxygen 
gas. A small bit of wood is to be stuck upon its extremity, and set 
on fire, previously to immersion in the gas. 

(/) A little of Homberg's pyrophorus, a substance to be hereafter 
described, when poured into a bottle full of this gas, immediately 
Hashes like inflamed gunpowder. 

From this detail of its properties* it appears* therefore, that oxy- 
gen gas is eminently a supporter of combustion* It was long, in- . 
deed, supposed to be the only supporter, and the presence of oxygen 
was imagined, to be essential to combustion. It will appear, howe- 
ver, injthe sequel, that other simple bodies, capable of existing in an 
aerial form, are equally entitled to rank as supporters of combustion. 
Among these are chlorine, iodine, and possibly fluorine. But they 
do not all support the combustion of the same substances; charcoal, 
for example, does not burn in chlorine, and potassium is the only 
body that is known to burn in the vapour of iodine* 

III. During every combustion in oocygen gas, the gas suffers a 
considerable diminution.— -To exhibit this, experimentally, inja man- 
ner perfectly free from all sources of error, would require such an 
apparatus as few beside adepts in chemistry are likely to possess. 
The apparatus required for this purpose is described in the 6th chap- 
ter of Lavoisier's Elements. The fact may, however, be shown, less 
accurately, in the following manner : Fill, with oxygen gas, a jar of 
moderate size, which has a neck and ground-glass stopper at the 
top. Then, with the assistance of a stand, formed of bent iron wire 
(pi. ii.fig. 25), place a shallow tin vessel, containing a bit of phospho- 
rus or sulphur,, three or four inches above the level of the water of a 
pneumatic trough. Invert the jar of oxygen gas, cautiously, and ex- 
peditiously, over this cup, so as to confine it, with its contents, in the 
gas, and, pressing down the jar to the bottom of the trough, open the 
stopper. A quantity of gas will immediately rush out, and the water 
will rise to the same level within the jar as without. When this 
has taken place, set fire to the sulphur or phosphorus by a .heated 
iron wire, and instantly put in the stopper. The first effect of the 
combustion will be a depression of the water within the jar ; but 
when the combustion has closed, and the vessel has cooled, a con- 
siderable absorption will be found to have ensued. 

Those persons who are possessed of a mercurial apparatus may 
repeat this experiment in a less exceptionable manner. On the sur- 
face of the quicksilver let a small hemispherical cup float, made of 
untinned sheet-iron ; and, in order to keep it from the sides of the 
jar, it may rest on a wire stand, shaped like the figure 43, plate iv.- 
Let a jar, the height and diameter of which must be regulated by 
the size of the mercurial trough, be filled with oxygen gas over wa* 

* Nicholson's Journal. 8vo. i. 320. 
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ter, and be removed, by means of a piece of pasteboard, as before 
described, to the mercurial bath, inverting it dexterously over the tin 
cup. If the phosphorus had been previously set on fire, a large 
quantity of the gas, expended by the heat, would have escaped, and 
would have prevented the accurate measurement of the absorption. 
After drying the surface of the mercury within the jar by blotting 
paper, a portion of the included gas must, therefore be removed! 
This is done by an inverted syphon, one leg of which is to be introduc- 
ed (in the same manner as is shown at fig. 41, g) within the jar before 
placing it over the mercury ; and the gas will be forced through the 
open extremity of the other, when the jar is pressed down into the 
quicksilver. When the proper quantity has been expelled, remove 
the syphon. The cup, containing the phosphorus, will thus rest on 
the surface of the quicksilver within the jar, and above the level of 
the mercury without. The phosphorus is to be inflamed by passing 
a crooked iron wire, made red hot, through the quicksilver. On the 
first impression of the heat arising from its combustion, the included 
gass will be considerably expanded ; but when the phosphorus has 
ceased to burn, a considerable absorption will be found to have taken 

Elace, the amount of which may be measured by ascertaining the 
eight of the quicksilver within the jar, before and after the experi- 
ment. The quantity of phosphorus employed should be very small, 
and should not bear a greater proportion than that of 10 grains to • 
each pint of gas ; otherwise the combustion will go on so far as to 
endanger the breaking of the jar, by the approach of the inflamed 
phosphorus. 

In this- process, a white dense vapour is produced, which condenses 
on the inner surface of the jar in solid flakes. This substance has 
strongly acid properties ; and, being formed by the union of oxygea 
with phosphorus, is termed the phosphoric acid. 

The diminution of the volume of oxygen gas, by the combustion 
of other bodies, may be ascertained in a similar manner. When the 
substance employed is not easily set on fire, it is proper to enclose, 
along, and in contact with it, a small bit of phosphorus, the com- 
bustion of which excites sufficient heat to inflame iron-turnings, 
charcoal, &c. In the instance of charcoal, however, though that 
substance undergoes combustion, no absorption ensues ; because, as 
will appear in the sequel, the product is a gas, occupying exactly 
the same bulk as the oxygen gas submitted to experiment. 

IV. Ml bodies, by combustion in oxygen gas, acquire an addition 
to their iveight ; and the increase is in proportion to the quantity 
of gas absorbed, viz. about one third of a grain for every inch of 
gas.— To prove this by experiment, requires also a complicated 
apparatus. > 

But sufficient evidence of this fact may be obtained by the follow- 
ing very simple. experiment. Fill the bowl of a tobacco pipe with 
iron wire coiled spirally^ and of known w,eight : let the end of the 
pipe be slipped into a brass tube, which is screwed to a bladder 
filled with oxygen gas : heat the bowl of the pipe, and its contents, 
to redness in the fire, and then force through it a stream of oxygen 
gas from the bladder. The iron wire will burn ; will be rapidly oxy- 
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ilized; and will be found, when weighed, to be considerably heavier 
than before. When completely oxydized in this mode, 100 parts of 
iron wire gain an addition of about 30. 

V. Every substance, capable of union with oxygen, affords, by 
combustion, either an oxide, an acid, or an alkali. — When a body, by 
being burnt in oxygen gas, affords a compound, which has none of those 
qualities that characterize acids or alkalies, we denominate this pro- 
duct an oxide* If we collect, for example, the iron wire, which was 
burned in the last experiment, we shall find that it has lost all its 
metallic qualities, ana has become a brittle, dark-coloured substance 
totally destitute of lustre and of taste, and termed an oxide of iron. 
But it, instead of iron wire, we had burned a quantity ©f sulphur in 
oxygen gas, over water, the result would have been that the water, 
which confined the gas, would have become acid or sour. Potassium, 
on the contrary (one of the new metals discovered by Sir H. Davy), 
would have yielded an alkali under the same circumstances. Hence 
the extensive class of combustible bodies may be subdivided into 
three orders ; 1 st, those which afford oxides by combination with 
oxygen ; 2dly, those which yield acids ; and 3dly, those which give 
alkalies. In many instances, however, a body is capable of passing 
through the intermediate state of an oxide, before it is converted 
either into an acid or an alkali. 

VI. Oxygen gas supports, eminently, animal lift. — It will be 
found that a mouse, bird, or other small animal, will live four or five 
times longer in a vessel of oxygen gas, than in one of atmospherical 
air of the same dimensions. 

VII. This effect seems connected with the absorption of oxygen 
by the blood. — Pass up a little dark-coloured blood into a jar partly 
filled with oxygen gas, and standing over mercury. The gas will 
be in part absorbed, and the colour of the blood will be changed to a 
bright and florid red.' This change to red may be shown, by putting 
a little blood .into a common vial filled with oxygen gas, and shaking 
it in contact with the gas. 



SECTION III. 

Chlorine Gas. 

I. This gas may be found by either of the following processes : 
Process 1. Into a stopper retort introduce eight ounces of liquid 
muriatic acid, and four ounces of finely powdered manganse, and ap- 
ply the heat of a lamp. A gas will be produced, which may be re- 
ceived, in the usual manner, over water of the temperature of 80° or 
90° Fahrenheit. From the foregoing materials about 160 cubical 
inches of gas may be obtained. 

- Process 2. Grind together in a mortar eight ounces of muriate of 
soda (common salt) with three ounces of powdered manganese ; put 
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them into a stoppered retort, and pour on them four ounces of sul- 
phuric acid, which have been diluted previously with four ounces of 
water, and suffered to cool after dilution. Or the proportions re- 
commended by Thenard may be employed, viz. 1750 muriate of 
soda, 450 oxide of manganese, water and sulphuric acid each 800* 
On applying a gentle heat gas will be produced, as in Process 1. But 
as the gas is absorbed by contact with cold water, though not rapidly, 
it should be received, when it is intended to be kept, in bottles filled 
with, and inverted in, water of the temperature of 80° or 90 9 Fahr. 
and provided with accurately ground stoppers. The stoppers must 
be introduced under water, while the bottle remains quite full of the 
gas, and inverted, and no water must be left in the bottle, along with 
the gas, 
if. Chlorine gas has the following properties : 

(a) It has a yellowish green colour : ana this property has suggest- 
ed the name chlorine** 

(b) It has a pungent and suffocating smell. In experiments on. 
this gas, great care should be taken that it does not escape, in any 
considerable quantity, into the apartment ; for its action on the lungs 
is extremely oppressive and injurious. 

,. (c) It is heavier than common air (taking the statement of Gay 

^ jLussac) in the proportion of 2470 to 1000 by experiment, or 24216 

by calculation ; and 100 cubic inches should, therefore, weigh 75*33 
grains. Sir H. Davy finds them to weigh between 76 and 77 grains, 
at a mean temperature and pressure, which would make its specific 
gravity 2*5082. 

(d) By a temperature of + 40° Fahr. it is reduced into a liquid 
form, and is condensed on the sides of the vessel. But if the gas 
be previously dried by exposure to muriate of lime, it bears a cold 
of 40° l$low without condensation*. 

When a receiver, filled with this gas, not artificially dried, is 
surrounded by snow, or pounded ice, the-. gas forms on its inner sur- 
face of solid concretion, of a yellowish colour, resembling, in its r*» 
mifications, the ice which is deposited on the surface of windows 
during a frosty night By a moderate increase of heat, such as to 
50° Fahrenheit, this crust melts into a yellowish, oily liquid, whicj), 
on a farther elevation of temperature, passes to the state of a gas. 

(e) Chlorine gas, in its ordinary state, destroys all vegetable co- 
lours. This may be shown by passing, into the gas confined by 
water, apiece of paper stained with litmus, the colour of which will 
immediately disappear. Hence the application of this gas to the 
purpose of bleaching, its power of effecting which may be shown bj 
confining, in the gas, a pattern of unbleached calico, which gas, has 
been previously boiled in a weak solution of caustic potash, and then 
washed in water, but not dried. Chlorine gas, however, which has % 
been carefully dried by solid muriate of lime, and into which pei> 

* From x^P* S teei ^- 

f Sir H. Davy, Phil. Trans. 1811. p. 30. 

Vol. 1.— R 
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fectly dry litmus paper is introduced, produces no change of colour 
in the litmus, a sufficient proof that its -bleaching power depends on 
the presence and decomposition of water. 

(/) This gas is absorbed by water; slowly, if allowed to stand 
over it quiescent, but rapidly when agitated. 

1. The best method of effecting the impregnation of water with 
this gas, is by means of a Woulfe's apparatus, the bottles of which 
should be surrounded by ice-cold water. The quantity of the gas, 
which water is capable of absorbing, appears, from the concurrent tes- 
timony of Davy and Dalton, to be twice its bulk. The former has 
lately remarked that water, apparently saturated with chlorine by 
agitation with it in a narrow vessel, takes up more of the gas when 
exposed to it with a broad surface. 

2. The watery solution, if perfectlv free from common muriatic 
acid, has not the usual taste of an acid, but an astringent one. Its 
purity from muriatic acid may be ascertained by a solution of nitrate 
of mercury, which is not- precipitated by pure chlorine. 

3. The watery solution has the colour and peculiar smell of the 

fas, and has a similar property of discharging vegetable colours* 
lence it may be employed in bleaching. 

4. When the watery solution of chlorine is exposed to a tempe- 
rature only a little above that of freezing water, the eas, which is 
combined with it, separates in the form of a liquid, heavier than 
water. 

5. Chlorine is not altered by the temperature of boiling water ; 
for its solution may be raised in distillation, and again condensed 
without change* 

6. When the solution of chlorine in water is exposed to the di- 
rect rays of the sun, oxygen gas is obtained, and tne acid passes to 
the state of muriatic acid. 

Chlorine is susceptible of combination with various 1 other bodies, 
and the compounds possess, in many instances, remarkable proper- 
ties. These will be made the subject of a distinct chapter in a sub- 
sequent part of the work. 



SECTION IV. 
Nitrogen or Jlzotic Gas. 



After separating, from any quantity of atmospherical air, all the 
oxygen which it contains, there remains a gas which was called by 
Lavoisier azotic gas, a name applied to it in consequence of its un- 
fitness for supporting animal life ; and derived from the Greek pri- 
vative «. and f«» vita. Thin, however, as being merely a negative 
property, has since been deemed an improper foundation for its 
nomenclature : and the term nitrogen gas has been substituted ; 
because one of the most important properties of its base is, that by 
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union with oxygen it composes nitric acid. By this appellation 
therefore, I shall hereafter distinguish it. 

I. Nitrogen gas may be procured, though not absolutely pure, 
yet sufficiently so for s the purpose of exhibiting its general proper- 
ties, in any of the following manners : 1. Mix equal weights of iron 
filings and sulphur into a paste with water, and place the mixture, 
in a proper vessel, over water, supported on a stand : then invert 
over it, a jar full of common air, and allow this to stand exposed to 
the mixture for a day or two. The air contained in the jar will gra- 
dually diminish, as will appear from the ascent of the water within 
the jar, till at last only about four 5ths of its original bulk will re- 
main. The vessel containing the iron and sulphur must next be re- 
moved, by withdrawing it through the water ; and the remaining air 
maj be made the subject of experiment. 

£. A quicker process, for procuring nitrogen gas, consists in filling 
a bottle, about one 4th, with the solution of nitrous gas in liquid 
. sulphate of iron, or with liquid sulphuret of lime, and agitating it 

r witn the air which fills the rest of the bottle. During the agitation, 

the thumb must be firmly placed over the mouth of the bottle ; and, 
when removed, the mouth of the bottle must be immersed in a cup 
full of the same solution, which will supply the place of the absorb* 
ed air. The agitation, and admission of fluid, must be renewed, 
alternately, as long as any absorption takes place. 

3. Atmospheric air, also, in which phosphorus has burned out, 
affords, when time has been allowed for the condensation of the 
phosphoric acid, tolerably pure nitrogen gas. 

4. Azotic gas may be procured from the lean part of flesh meat 
(beef for example), which mar be put into a gas bottle, along with 
very dilute nitric acid. By a heat of about 100°, the gas is disengag- 
ed, and may be collected over water. Its source has been satisfac- 
torily traced to the animal substance, no part of it proceeding from 
the nitric acid. 

II. Nitrogen gas has the following properties ; 

1. It is not absorbed by water. 

2. It is a little lighter than atmospheric air, 100 cubic inches be- 
ing found by Sir H. Davy to weigh 30*04 grains under a pressure ' 
of 30 inches, and at the temperature of 55° Fahrenheit. At 60° 
Fahrenheit 100 inches weigh, therefore, 29*73 grains. According 
to Biot and Arajo, its specific gravity is 0*96913. 

3. It immediately extinguishes a lighted candle, and all other 
burning substances. Even phosphorus, in a state of active inflam- 
mation, is instantly extinguished when immersed in nitrogen gas. 
This is best shown by placing the burning phosphorus in a tin 
cup, raised by a stand over the surface of the water, and quickly 
inverting over it a jar filled with nitrogen gas. » 

4. It is fatal to animals that are confined in it. 
. 5. When mixed with pure oxygen gas, in the proportion of four 

parts to one of the latter, it composes a mixture resembling atmos- 

Eheric air in all its properties. Of this any one may be satisfied, 
y mixing four parts of azotic gas with one of oxygen gas, and im- 
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mersing, in the mixture, a lighted taper* The taper will burn as in 
atmospherical air. 

Composition of Nitrogen. 

That nitrogen is not an element, but itself a compound, has been 
long suspected, and various attempts have been made to discover 
its ingredients. Some of the facts, which have been supposed to 
throw light on its nature, I shall reserve for the chapter ot ammo- 
nia, because they will be better understood in connection with that 
subject. 

Berzelius, from the combination of experiment with much theore- 
tical reasoning, has deduced, that nitrogen is compounded of oxygen 
and an unknown base, in the following proportions*: 

Base .... 44.32 79.64 100.00 

Oxygen .. 55.68 100 ...... 125.51 

«—«•_•_-»_ i — __ urn i i 

100 179.64 225.51 

This base, it must be observed, however, is purely hypothetical ; 
and, as it has never yet been exhibited in a separate state, we cannot 
at present know any thing of its properties. Berzelius has proposed 
for it the name of nitricum. 

A series of experiments to prove the composition of nitrogen by 
synthesis, has been published in the 4th volume of Dr. Thomson's 
Annals, by Mr. Miers, of London. He attempted to deprive water 
of part of its oxygen by transmitting it, along with sulphurated hy- 
drogen, through an ignited copper tube ; by which process he ob- 
tained a mixture of oxygen and nitrogen gases, in proportions the 
same as those constituting atmospheric air. If no source of fallacy 
existed in the experiment, it would follow that nitrogen is composed 
of oxygen and hydrogen, with less oxygen than exist in water. But 
the experiments, though ingeniously devised, require the most careful 
repetition,' before so important a conclusion can be established : and 
* there is reason to suspect, from the nature of the products, that 
atmospheric air must, by some . means, have found its way into the 
apparatus. It is remarkable, however, that the proportions of the 
elements of ammonia, deduced by Mr. Miers from his experiments, 
precisely agree with the hypothetical proportions assigned by Ber- 
zelius, viz. 55.6 oxygen and 44.4 hydrogen per cent, in weight 

The experiments of Sir H. Davyt, directed to the decomposition 
of nitrogen, on the presumption of its being an oxide, have not been 
attended with any better success. Potassium was ignited, by in- 
tense Voltaic electricity, in nitrogen gas ; and the result was, that 
hydrogen appeared, and some nitrogen was found deficient.. This, 
on first view* would lead to the suspicion, that nitrogen was decom- 
posed. But, in subsequent experiments, in proportion as the potas- 
sium was more free from a coating of potash, which would intro- 
duce water, so, in proportion, was less hydrogen evolved, and legs 

•2 Thomson's Annala, 284. f p hiL Trail. 1810. 
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nitrogen found deficient. The general tenor of these inquiries, 
therefore, lends no strength to the opinion, that nitrogen is a com-. 
pound body. 



SECTION V. 

Atmospheric Air. 

This air of our atmosphere, it appears, from the facts stated in the. 
preceding section, is a mixture of two different gases, viz, oxygen 
gas and azotic gas. The former of these seems to be the onlj ingre- 
dient on which the effects of the air, as a chemical agent, depend. 
Hence combustible bodies burn in atmospheric air, onlj in conse- 
quence of the oxygen gas which it contains ; and, when this is ex- 
hausted, air is no longer capable of supporting combustion*. Its 
analysis is most satisfactorily demonstrated by the action of heated 
mercury, as explained by Lavoisier, in the third chapter of his Ele- 
ments of Chemistry. By exposure, during 12 days, to mercury 
heated in a retort, a given quantity of atmospheric air was found to- 
be diminished in bulk, ana to have lost its property of supporting 
combustion. The mercury, also, had suffered a considerable change ; 
a part of it was no longer a shining fluid metal ; but was changed 
into red scaly particles ; and its weight was, also, increased. These 
red particles were collected, and distilled in a retort ; by which 
operation a quantity of oxygen gas was evolved, precisely equal in 
bulk to what the air had lost in the first part of the experiment. 
These results afford the most satisfactory evidence, that the air of 
our atmosphere is composed of two distinct fluids. The one is ca- 
pable of yielding its base to mercury ; and, when separate, is emi- 
nently adapted to the support of combustion and of animal life, 
the other is not absorbable by mercury, and is destitute of both 
those important qualities. 

The details of this method of analyzing atmospheric air I omit 
on account of the extreme tediousness of the process. Sufficient 
evidence of its composition may be obtained, however, much more 
expeditiously, by the following experiments. 

I. Burn a little sulphur or phosphorus, in the manner described, 
Sect. ii. substituting, for oxygen gas, common atmospherical air. The 
combustion will, in this instance, be less vivid ; will cease sooner ; 
and the absorption, when the vessels have cooled, will be much less 
considerable than in the former case. 

The phosphorus, however, will have absorbed the whole of the 
oxygen gas contained in the air submitted to experiment; and 

* Certain combustible bodies even cease to bum in atmospheric air, long 
oefore its oxygenous portion is consumed, for reasons that will hereafter be 
given. - . 



134 OASES. CHAP. v. 

hence it may be employed for measuring the quantity of oxygen 
gas in a given bulk of atmospherical air. This may be accomplish- 
ed, either by its slow or rapid combustion. Berthollet proposes* 
to expose a cylinder of phosphorus, fastened to a glass rod, in a 
narrow glass vessel, graduated into equal parts, and standing full of 
air over water. (See fig. 24.) The phosphorus immediately begins 
to act without visible combustion on the included air; and in sis or 
eight hours its effect is completed. The residuary azotic gas has 
its bulk enlarged about one 40th, by absorbing a little phosphorus; 
and for this allowance must be made in measuring the diminution. 

In the eudiometer of Seguin, the rapid combustion of phosphorus 
k employed with the same view, A glass tube, open at one end 
only, about an inch in diameter, and eight or ten high, is filled with, 
ana inverted in, mercury. A small bit of phosphorus, dried with 
Wotting paper, is then introduced, and, by its inferior specific gravi- 
ty, rises to the top of the tube where it is melted, by bringing a red- 
hot poker near to the outer surface of the glass. When the phos- 
phorus is liquefied, a measured portion of the air to be examined is ad- 
mitted, by a little at once, into the tube. The phosphorus inflames at 
each addition, and the mercury rises. When all the air under exam- 
ination has been added, the red-hot poker is again applied to secure 
the completion of the process, and the residuary gas is transferred into 
a graduated measure, where its bulk is carefully ascertained. In 
this instance, about one 40th the volume of the residuary gas is to be 
deducted from the apparent quantity of azotic gas, because, in this 
case also, a small portion of phosphorus is dissolved by the latter, 
and occasions a trifling expansion. With this deduction, atmos- 
pheric air loses pretty accurately 21 parts out of every 100; and 
contains, therefore, 2t per cent, of oxygen, and 79 of azote by mea- 
suret. And it is remarkable, that no appreciable difference exists 
between the proportions of oxygen and azote in the atmospheres of 
distant places ; from which it appears, that the purity and salubrity 
of air depend on some other circumstances than the proportion of 
these its chief elements. 

II. The inferior fitness of atmospherical air to that of oxygen 
gas,' for supporting combustion, may be shown, also, by a comparative 
experiment *with two candles. Provide a circular piece of lead, 
three inches diameter, and half an inch thick, from the centre of 
which proceeds a perpendicular iron wire, six or eight inches high ; 
to the end of this wire fasten a piece of wax taper. Set the candle, 
supported by its stand, on the shelf of a pneumatic cistern ; and 
place, also, the conducting pipe from the bladder (e, fig. 43), in the 
position shown by the figure ; the cock d, however, being shut. Then, 
having the syphon g in the inverted position shown in the plate, sink 
the whole apparatus into the water* Part of the air in the jar a 
will escape through the syphon, and will be replaced by water. 

* Annates de Chimie, xxiv. 78. 

t Various other methods of analyzing atmospherical air will be described 
in the course of the work. Reference to them may found in the Index* arti- 
cle Eudiometer. 
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When we have left, in the jar, the proper quantity of air, the syphon 
must be removed, and the jar returned to its place. The level of 
the water will now be considerably higher within than without the 
receiver ; and its height must be noted. On passing a succession of 
electrical sparks from the conducting wire to the bent pipe, and 
opening the cock d from the bladder filled with hydrogen gas, we 
shall have a small flame, which is to be extinguished as soon as, by 
its means, we have lighted the candle. The candle may be suffered 
to burn till it is extinguished ; and the duration of its burning, and 
the diminution it occasions in the air, are to be noted. When the 
combustion is repeated in the same manner, but with the substitu- 
tion of oxygen gas, it will be found to last considerably longer, and 
the diminution of volume in the gas will be much greater. 

The same fact may be demonstrated, but less accurately, by a 
simple apparatus. Provide two jars each two inches in diameter, 
and 12 inches long, and each having a neck at the top with a com- 
pressed bladder tied upon it. Fill one of the jars, leaving the blad- 
, der empty, with oxygen gas ; and, at the same instant, with the aid 
of an assistant, invert both jars over the burning candles, keeping 
the oxygen gas in its place till the jar is inverted, by a piece of paste- 
board. In the common air, the candle will soon be extinguished ; 
but that confined in oxygen gas will burn with much greater splen- 
dour, and will continue burning long after the other is extinguished. 
On the first impression of the name, a quantity of expanded gas will 
rise into each bladder, which is to be pressed out at the close of the 
experiment, in order that the absorption may be compared in both 
cases. The diminution in the jar of the oxygen gas will be found 
greatly to exceed that of the common air. 
> III. Take two tubes, each a few inches long, closed at one end* 

and divided into 100 aliquot parts. Fill the one with atmospherical 
air, the other with oxygen gas, and invert them in two separate cups 
filled with a solution of sulphuret of potash. The sulphuret will as- 
cend gradually within the tube of common air, till, after a few days, 
about four 5ths of its original volume will remain ; but, in that con- 
taining oxygen, it will ascend much higher, and if the gas be pure, 
will even absorb the whole. 

The explanation of this fact is, that liquid sulphuret of potash has 
the property of absorbing oxygen but not nitrogen. It therefore acts 
on atmospheric air only as long as any oxygen gas remains, and may 
be employed as a means of ascertaining the quantity of this gas in the 
atmosphere at different times and at distant places. An improved in- 
strument*, thus graduated, has been employed by Guyton as an Eu- 
diometeri. Bu t an apparatus, of much greater simplicity, and facility of 
application, is that of Professor Hope, of Edinburgh, announced in 
Nicholson's Journal, 8vo. iv. 210. It consists of a small bottle, of 
the capacity of 20 or 24 drachms (fig. 20. pi. ii), destined to contain 
the eudiometric liquid, and having a small stopper at b. Into the neck 

• See Nicholson's Philosophical Journal, 4to. i. 268 ; or Tilloch's Philoso- 
phical Magazine, iii. 171. 
f Pther eudiometers will be described hereafter. 



A 



136 



CASES. 



CHAP. V. 



of the bottle a tube is accurately fitted by grinding, which holds 
precisely a cubic inch, and is divided into 100 equal parts. To use 
the apparatus, the bottle is first filled with the liquid employed, which 
' is best prepared by boiling a mixture of quicklime and sulphur with 
water, filtering the solution, and agitating it for some time in a bottle 
half filled with common air. The tube filled with the gas under ex- 
amination (or with atmospherical air, when the quality of this com- 
pound is to be ascertained), is next to be put into its place ; and on 
inverting the instrument, the gas ascends into the bottle, where it is 
to be brought extensively into contact with the liquid by brisk agi- 
tation. An absorption ensues ; and, to supply its place the stopper b is 
opened under water, a quantity of which rushes into the bottle. The 
stopper is replaced underwater; the agitation renewed; and these 
operations are performed alternately, till no farther diminution takes 
place. The tube a is then withdrawn, the neck of the bottle being 
. under water, and is held inverted in water for a few minutes ; at 
the close of which the dimiuntion will be apparent. Its amount may 
be measured by the graduated scale engraved on the tube. 

To the eudiometer of Dr. Hope there are, however,, a few objec- 
tions. If the tube a and the stopper b are not both very accurately 
ground, air is apt to make its way into the instrument, to supply the 
partial vacuum, occasioned by the absorption of oxygen gas. This ab- 
sorption occasions a diminished pressure within the bottle; and, 
consequently, towards the close of each agitation, the absorption 
goes on very slowly. Besides, the Eudometric liquid is constant- 
ly becoming more dilute by the admission of water through b. To 
obviate all these difficulties, I have substituted for the glass bottle, 
one of elastic gum, as shown by fig. 21, b. The tube a is accurately 
ground into a short piece of very strong tube of wider bore, as shownv 
at c, the outer surface of which is made rough by grinding, and 
shaped as, represented, that it may more effectually retain the neck 
of the elastic bottle when fixed by a string. This instrument is used, 
in every respect, in the same way as Dr. Hope's. The only difficul- 
ty is, in returning the whole of the residuary gas into the tube ; but 
the art of doing this will be acquired by practice. 

An ingenious modification of the eudiometer, which enables us to 
measure an absorption of only Tir l ff0 part of the gas employed, is de- 
scribed by Mr. Pepys, in the Philosophical Transactions for 1 807, 
or Philosophical Magazine, xxix. 

IV. Atmospheric air supports animal life, only ™ consequence of 
tfie oxygen gas which it contains.— Air, after having been received 
into the lungs, and again expired, is found to have lost a considera- 
ble part of its oxygen, viz. from 10 to 12 per cent* It proves fatal to 
animals, however, long before this ingredient is wholly exhausted ; 
and hence it appears, that a considerable portion of oxygen gas is 
necessary to fit the air for supporting respiration. As the analysis 
of expired air requires an acquaintance with another gas, not hither* 
to described, viz. carbonic acid, its examination will be postponed 
to a future occasion* 



SECT. VI. ATMOSPHERIC AIR. -13? 

V. Atmospheric air is dimvnishedin volume by animal respiration. 
This may be shown bj repeating a very simple experiment, original- 
ly contrived by Mayow. He confined a mouse in a small glass iar, 
and tied the jar over, quickly and firmly, with moistened bladder. 
The heat of the animal first expanded the air, and rendered the Mad* 
der convex outwards ; but when the animal after death had become 
cold, the bladder exhibited a hollow surface, proving that the air 
within was diminished in its bulk. 

The exact amount of the diminution may be shown, by confining 
a mouse, over water, in a graduated jar, furnished with a stop-cock, 
and containing common air. As the heat of the animal, however, 
would occasion the expulsion of part of the air, it is expedient, on 
first depressing the jar into water, 16 open the cock, through which 
a part of the air will escape: the cock is then to be shut, and the 
height of the water within to be accurately noted. At first, the 
level will be depressed, in consequence of the expansion of the air 
by the warmth of the animal ; but, after its death, a considerable di- 
minution will be observed. 

V[. The weight of 100 cubic inches of atmospheric air, at 60b Fah* 
renheit and SO inches barometer, is said by Mr. Kirwan to be 30.92 
grains. Sir H. Davy states it, when under the same pressure, but at 
55° Fahrenheit, to be 31.10 grains, from which may be deduced that 
with the temperature and pressure assumed by Mr. Kirwan 100 in* 
«ches would weigh 30.78 grains. Under the same circumstances, Sir 
George Shuckburgh's experiments fix its weight at 30.5 grains ; an4 
this is probably the most correct determination. 



SECTION VI. 
Hydrogen Gag. 

The most simple form, in which hydrogen has hitherto been oV 
tained, is in that of a gas, or in a state of union with caloric, and per* 
haps with electricity and light. From this Combination we are not 
able to separate it, except by availing ourselves of the affinity nf some 
other substance, in which case the hydrogen separates from the calo- 
ric, and forms, with the body which has been added, a new combina- 
tion. Of its nature, we know but little; but as it has not yet been 
resolved into any more simple form, it is still arranged among ele* 
mentary bodies. Froth the recent experiments of Sir H. Davy 
(which will be described under the article ammonia), it appears not 
improbable that hydrogen is a metallic body. 

The most important compound of hydrogen, and the only one 
which will be noticed at present, is that which it affords by union 
^vith the base of oxygen gas. It is on its,affinity for this base that 
all the properties depend, which are illustrated by the following ex* 
periments. Much of the force of this attraction, it will appear pro* 
Voj,. I.~-£* 
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bable from the sequel, depends on its being in a state of opposite 
electricity to oxygen ; for, in common with, all inflammable substan- 
ces, it is naturally in a state of positive electricity. 

I. To procure hydrogen gas, let sulphuric aciy > previou|tj diluted 
with five or six times its weight of water, be poured on iron filings, 
or on small iron nails; or (what is still better) pour sulphuric acid, 
diluted with eight parts of water, on zinc*, granulated by pouring it 
melted into cold water, and contained in a gas bottle or small re- 
tort. An effervescence will ensue, and the escaping gas may be col- 
lected in the usual manner. An ingenious apparatus for obtaining it 
instantaneously, in a laboratory, is described by Gay Lussac, in the 
5th* vol. of Ann. de Chim. et Phys. p. 300. Its construction can 
scarcely be understood, without the plate which accompanies it 

Hydrogen gas, thus obtained, is not, however, to be considered as 
absolutely pure. An observation of Mr. Cuthbertson lone; ago ren- 
dered it probable that, when disengaged by zinc, it contains a por- 
tion of that metal; and, when generated by means of iron, it is apt 
to contain a little carbureted hydrogen. Mr. Donovan has also 
shown t, that, when procured from zinc and dilute sulphuric acid, it 
is contaminated with sulphureted hydrogen and carbonic acid ; and 
he recommends that to obtain pure hydrogen, we should first agitate, 
common hydrogen with lime-water during a few minutes, next with, 
a little nitrous acid, afterwards with solution of green sulphate of 
iron, and finally with water. It appears to me, however, that as the 
only impurities, discovered by Mr. Donovan, in hydrogen gas, were 
carbonic acid and sulphureted hydrogen, they might be equally well 
removed by the simple process of washing the gas either with lime- 
water or with a solution of caustic potash. 

II. This gas has the following properties : 

1. It remains permanent over water, or is not absorbed in a por- 
tion exceeding Ath the bulk of the water. 

2. As commonly procured, it has a disagreeable smell ; but pure 
hydrogen gps was found by Mr. Donovan to be free from all odour. 

3. It is inflammable. This may be shown by the following ex- 
periments: 

(a) Fill a small jar with the gas, and, holding it with the mouth 
downwards, bring the gas into contact with the flame of a candle. 
The air will take fire, and will burn silently with a lambent flame. .* 

(6) Fill with this gas a bladder which is furnished with a stop- 
cock, and with a small pipe, of diameter less than that of a common 
tobacco pipe. Press the air out through the pipe, and, on presenting 
a lighted candle, the. stream will take fire. If this apparatus cannot 
be procured, a very simple contrivance will answer the purpose ; 
break off part of an eight-ounce vial, within an inch or two from. the 
bottom, by setting fire to a string tied round it, and moistened with 
spirit of turpentine. The vial will then resemble ajar with an open 

• Zinc may be purchased at the fyrass-founders or copper-smiths, under the 
name of speltre. 
t Phil. Mag. xlviii. 138. 
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neck at the top. Next bore a small hole through a cork that fits the 
neck of the vial, and insert in it part of a common tobacco pipe, which 
may be fixed into the neck of the bottle, by a cement of resin and 
bees-wax. Then fill the bottle with water, and hold it, with the 
thumb pressed down on the aperture of the pipe, while hydrogen gas 
is passed into it. When the bottle is full of gas, remove the thumb; 
press the bottle down into the water, and, on the approach of a can- 
dle, the stream of air from the pipe will take fire. 

Persons, who are provided witn the jars represented pi. ii. fig. 22, 
a, maj screw to the cock a brass pipe with a small aperture. On 
pressing the jar, filled with hydrogen gas, into the water, and open- 
ing the cock, the gas will be forced out in a stream, which may be 
set on fire. On this principle are founded the artificial fireworks 
without smell or smoke. Tney consist of pipes, having variously 
sized apertures, some of which have a rotatory motion.. 

(c) In a strong bottle, capable of holding about four ounces of 
water, mix equal parts of common air and hydrogen gas. On apply- 
ing a lighted canale, the mixture' will burn, not silently, as in ex- 
periment (a), but with a sudden and loud explosion. If a large bot- 
tle be used, it should be wrapped round with a handkerchief, to pre- . 
vent the glass from doing any injury, in case the bottle should be 
burst*. 

(d) The same experiment may be repeated with oxygen gas, in- 
stead of atmospherical air ; changing the proportions, and mixing 
only one part of oxygen gas with two of hydrogen. The report will 
be considerably louder. The bottle should be a very strong one, 
and should be wrapped round with cloth, to prevent an accident. 

(e) The same experiment may be made over water, by means of 
the electric spark. Procure 'a strong tube, about three quarters of 
an inch diameter, and 12 inches long, closed at one end (plate ii* fig* 
29, b). About a quarter or half an inch from the sealed end, let two 
small holes be drilled, opposite to each other, and into each of these 
let a brass conductor be cemented, so that the two points may be 
distant from each other within the tube, about one 8th of an inch. 
An apparatus, serving the same purpose, and much more easily con- 
structed, may be formed by hermetically sealing a piece of brass 
wire, or still better, platina wire, into the end of a glass tube (fig. 29, 
ti). With this conductor, an interrupted circuit may be formed, by- 
introducing into the tube a longer wire, one end of which termi- 
nates one 10th of an inch from the upper one, while the other ex- 
tends beyond the aperture of the tube. (See fig. 84). Into this tube, 
standing over water, pass about half a cubic inch of a mixture of 
hydrogen and oxygen gases ; in the proportion of two measures of 
-the former to one of the latter. Hold the tube firmly, and pass an 
electric spark through the mixed gases. For relieving the shock, 
which is sometimes considerable on firing, an ingenious contrivance 
of Sir H. Davy may be employed. It is described in the Philoso- 

* These experiments may also be made advantageously, by means of sua ap- 
paratus sold under the name of the inflammable air-pistol. 
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jdrical Magazine, xxxi. S. An immediate explosion will take places 
after which the gases, if pure, and in the proper proportion, will be 
found to have- disappeared entirely. 

It has been asserted by Grotthuss, that a mixture of two mea~ 
sures of hydrogen gas with one of oxygen, cannot be inflamed bjr 
the electric spark, when expanded to 16 times its volume by dimi* 
nished pressure ; nor, when dilated by heat to onLv six times its* 
volume. In the latter cas;e, even a lighted taper does not kindle, 
the mixture ; but water is formed silently by a continued succession 
of electric sparks*. 

It is rarely, however, that oxygen and hydrogen gases can be used 
ursuch a state of purity as to leave absolutely no residuum. Tof 
determine, indeed, the purity either of the oxygen or hydrogen gas. 
employed, it is sometimes necessary so to adjust their proportions, 
that the whole mixture may not be condensed by firing. If, for ex- 
ample, We wish to know the purity of a quantity of oxygen gas, we 
are to use about .three times its bulk of hydrogen. Let us suppose 
that 100 measures of oxygen are* detonated with 300 of hydrogen 
gas, and that the total 400 is reduced by firing to 130 ; the diminu- 
tion of volume will be 2ro. This number, divided by three* gives . 
90 for the quantity of oxygen; that is, the oxygen employed most 
have contained lOver cent of nitrogen, or of some foreign gas, 
not condensible by hydrogen.. 

If atmospherical air be employed, a diminution, though not equal 
in amount, will be produced by the union of the nydrogen with the 
oxygen gas contained in the 1 air; and if a sufficient quantity of hy- 
drogen gas be employed, the whole of the atmospheric oxygen will 
thus be removed. On this principle is founded the Eudiometer of 
Volta, which may be constructed* by graduating either of the tubes 
already described, into equal partst. If, in one of these tubes, we 
mix 300 parts of common air, and 200 of pure hydrogen gas,, there 
will remain,, after the explosion excited by passing an electric spark 
between the two wires, about 305 measures. There will, therefore, 
have been a diminution of 195 measures, of which pretty exactly 
one 3d may be estimated to be pure oxygen. In this instance, 
therefore, 65 of oxygen have been lost by 300 of air, or 21 and a 
fraction per cent* 

The general rule for ascertaining the purity of atmospheric, ait" 
by hydrogen gas, may be stated as follows : Add to three measures 
of the air under examination, two measures of pure hydrogen gas ;. 
inflame the mixture by electricity ; observe the diminution when 
the vessel has cooled ; and, dividing its amount by three, we obtain, 
pretty nearly the quantity of oxygen gas which has been condensed. 

In the reverse process, u e. in determining the purity of hydro- 
gen gas, we mix it with more oxygen, gas than is required for satu- 
ration. Suppose that to 100 of hydrogen gas we add 100 of ogygen, 

* 82 An. de Chemie, 37. 

+ A Volta's Eudiometer, invented by Gay Lussac, is described in An*, de 
Chun, et Phys. iv. 188. 
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and that 80 measures remain after detonation* The diminution 
will have been 120 measures ; and, of these, two Sds or 80 measures 
are hydrogen. Hence the inflammable gas, under examination, must 
» contain 20 per cent, of gome other gas, which is most probably nitro- 
•. gen. In this way, we determine the proportions of hydrogen and ni- 
trogen in any mixture composed of those two gases only. 

(/) The diminution of hydrogen and oxygen gases, by the union 
of their bases, may be shown also by their slow combustion. Fill a 
tail jar with oxygen gas, and fill also, with hydrogen gas, a bladder 
fitrni&hed with a stop+cock, and with a long brass pipe bent like the 
letter S, and drawn out to a fine point (plate iv. fig. 41). On press- 
ing the bladder, a stream of gas, will issue from the pipe, which may 
be set on fire, and brought cautiously under the tall inverted jar of 
oxygen gas. By this contrivance, the stream of hydrogen gas will 
be burnt in a confined portion of oxygen gas ; and, on continuing 
the combustion a sufficient length of time, the water will be seen to 
rise gradually within the jar. On the 4 first impression of the heat, in- 
deed, a quantity of gas will escape from the jar, which will render it 
difficult to ascertain what degree of absorption has actually taken 
place. But this loss may be prevented, by using a jar with a neck 
at the top, to which a compressed bladder is firmly tied. The ex- 
panded air,, instead of escaping through the water, will now fill the 
bladder at the top ; and, when the experiment has closed, and the 
vessels have cooled, it may be ascertained, by pressing out the gas. 
from the bladder, what quantity of oxygen gas has been consumed. 
The same experiment may be more accurately and elegantly made, 
with the assistance of an apparatus, which I have described in the 
Philosophical Transactions for 1808. The description cannot be 
understood without the plate, which is there given, and which has 
been copied into the Philosophical Magazine, xxxii. and Nicholson's 
Journal xxi. The fact may, also, be shown by substituting, for the 
bladder (e, fig. 41), a small gazometer, containing a measured quan- 
tity of hydrogen gas. Let the bent pipe be screwed on the cock of 
the gazometer ; and over its open end, placed perpendicularly, invert 
a jar of oxygen gas. This jar must be provided at the top with a 
metallic conductor, screwed into a brass cap, as represented in fig. 
41 ; which shows also the level of the water within the jar, attained 
by means of a syphon. After noting the height of the water within, 
let a rapid succession of electric sparks be passed between the two 
conductors ; and, on opening the cock at this instant, the stream of 
. oxygen gas will be inflamed. The end of the pipe must then be so 
far depressed, that the cement of the brass cap may not be melted by 
the flame; and the outer surface of the top of the vessel should be 
kept cool. When the gas is first lighted, the oxygen gas will be sud- 
denly expanded; but, presently, a rapid diminution will go on, till 
the water rises above the end of the pipe, and extinguishes the flame. 
If pure oxygen gas be employed, it will be found, after the experi- 
ment, uninjured in its quality, and will support the combustion of 
burning bodies as well as before. 

When the above experiment is made, with the substitution of 
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common air for oxygen gas, a diminution takes place, but much less- 
considerable, viz, not amounting to one 6th of the original bulk of 
the gas. 

(g) When a stream of hydrogen gas is burned under a tube, 18 or 
34 inches long, a musical sound is produced. The experiment may 
be made in the following manner : 

Into a glass bottle are put iron filings and sulphuric acid, diluted 
with five or six parts of water ; and a cork is ntted into the neck, 
through which a glass tube is passed, having its upper extremity 
drawn out to a capillary bore. By setting fire to the hydrogen gas*, 
which escapes from this extremity, a continued current or jet of 
Hame is produced, which is allowed to pass into a tube either of 
glass, earthenware, or metal. If the tube be not too large, the flame 
becomes smaller as it is depressed ; and when the tube covers the 
flame to a considerable depth, very clear sounds are produced. But, 
on the contrary, if the tube be too narrow, the flame will be extin- 
guished ; and, in proportion as the tube is enlarged, the sound di- . 
minishes ; so that there is a certain limit at which it totally ceases. 
The same happens when the tube is too long. The sounds may be 
raised at pleasure, by either using tubes of various figures or dimen- 
sions, or made of different substancest. 

(h) It has been discovered by M. Biot that a mixture of hydro- 
gen and oxygen gases may be made to explode by mechanical com- 
pression. A mixture of these two gases was introduced into a 
strong metallic syringe, furnished with a glass bottom, and a sudden 
stroke given to the piston. An extremely brilliant light appeared, 
accompanied with a loud detonation ; and the glass bottom was for- 
cibly driven out. The repetition of this experiment, it is obvious, 
must be attended with some difficulty and danger^. The heat 
given out by the sudden compression of the gases is probably the 
cause of the combustion which is excited. 

• The combustion of hydrogen and oxygen gases was many years 
ago successfully applied by Mr. Hare of Philadelphia to the pur- 
pose of exciting an intense heat by the blow-pipe. The peculiar 
construction of the apparatus cannot be understood without a plate, 
which may be seen in the •Annates de Chemie, torn. xlv. or in the 
14th volume of the Philosophical Magazine. It may be sufficient 
here to state, that the gases are contained each in a separate gas- 
holder ; that they are expelled by the pressure of a column of water 
obtained by lengthening the pipe b, fig. 36 ; and that their mixture 
does not take place, till they nearly reach the aperture of the pipe, 
at the extremity of which they are inflamed. This last precaution 
is of considerable importance, because a violent and dangerous ex- 
plosion would otherwise happen. To guard the more effectually 
against this accident, it is adviseabie to affix a valve, opening out- 

* The gas must not be inflamed, till it has been produced for some time, 
and ( >as expelled all the common air of the bottle; otherwise an explosion 
will happen, and the bottle will be burst, with some danger to the operator. 

f See Nicholson's Journal, 8vo. i. 129, and iv. 23. 

* See Nicholson's Journal, xii. 112. 
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wards, in th« pipe proceeding from each gas-holder, just before the 
junction of the two. 

The power of hydrogen and oxygen gases to produce an intense" 
degree of heat, has lately been much increased, in consequence of a 
suggestion of Mr. Newman to Professor Clarke of Cambridge, that 
the gases should be previously mixed, then condensed into a metal- 
lic reservoir, and made to pass through a capillary tube before being 
set on fire*. The temperature thus produced was found adequate 
to the instantaneous fusion of the most refractory substances. Plati- 
num, for instance, was not only immediately melted, but set on fire 
and consumed like iron wire in oxygen gas, with vivid scintillationt. 
Considerable danger, however, arises to the operator, from the liabi- 
lity of the condensed gases to explode and burst the apparatus. 
Several experiments have been tried for the purpose of obviating 
this risk, the most effectual of which, suggested by Professor Cum* 
ining, consists in interposing, between the flame and the main reser- 
voir of gases, a cylinder containing a little water or oil, through 
which, by means of a valve at the bottom, the gas is allowed to 
pass:):. All, therefore, that can happen, is the explosion of the mixed 
gases between the inflamed jet and the surface of the oil or water, 
where the quantity is sufficient to occasion any serious mischief. The 
more effectually to guard against danger, Dr. Clark has since, on 
the suggestion of Dr. Wo 1 1 as ton interposed a fagot of capillary 
.tubes oi the smallest possible diameter, between the stop-cock, 
and the orifice of the pipe at which the gases are inflamed§. Ad- 
ditional safety may, also, be given to the apparatus by inter- 
posing, between the operator and the reservoir, a strong screen, 
through, which the piston rod of the syringe may be worked 
horizontally, and the name may thus be kept up for a length of time 
proportionate to the size of the reservoir, from which the mixed 
gases are drawn II. This modification pf the instrument renders it 
applicable to some of the arts, in which not only an intense but a 
long continued heat is required. 

4. Hydrogen gas, though inflammable itself 9 extinguishes burn* 
ing bodies*— Bring an inverted jar, filled with this gas, over the 
flame of a candle ; and suddenly depress the jar, so that the lighted 
wick may be wholly surrounded by the gas. The candle will im- 
mediately be extinguished. 

5. It is fatal to animals* — This may be shown by confining, in 
the gas, a mouse, or other small animal. 

* Journal of Science, 8cc. ii. 104. 

f About twelve years before this suggestion of Mr. Newman, Platinum had 
been completely volatilized by the flame of the compound blow-pipe. Pro- 
fessor Silliman had, subsequently, often produced the same result. See the 
. 1st part Araer. Phil. Trans. ; also, Silliman's Essay in Memoirs of the Connec- 
ticut Academy, republished in Tilloch'a, Philosophical Magazine, London, 
vol. 48. 

% Journal of Science, &c. ii. 379, where a plate of the improved apparatus 
is given. 

§ Thomson's Annals, ix. 327. 

II Thomson's Annals, x. 373. Other improvements of the apparatus aTe 
described in the same work, x. 366. 
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6. It is considerably lighter than atmospherical flir.-— One hun- 
dred cubic inches, the barometer being 30 inches, and the thermom- 
eter 60°, weigh, according to Kirwan, 2.613 grains; according to 
Lavoisier, 2.372 grains ; and according to Fourcroy, Vauqueiin, and 
Seguin, 2.75 grains. The recent determination of Sir H. Davy* is, 
that 100 cubic inches at 30.5 barometer, and 51° Fahrenheit, weigh 
2.27 grains. Messrs. Biot and Arago ascribe to it the specific gravity 
of 0.07321. 

(a) Let a jar filled with this gas stand, for a few seconds, with its 
open mouth upwards. On letting down a candle, the gas will be 
found to have escaped. 

(b) Place another jar of the gas inverted, or with its mouth down- 
wards. The gas will now be found to remain a short time in the jar, 
being prevented from escaping upwards by the bottom and sides of 
the vessel. 

(c) Fill, with hydrogen gas a bladder furnished with a stop-cock ; 
ana adapt to this a common tobacco pipe. Dip the bowl of the pipe 
into a lather of soap, and turning the cock, blow up the lather into 
bubbles. These bubbles, instead of falling to the ground, like those 
commonly blown by children, will rise rapidly into the air. On this 
property of hydrogen gas, is founded its application to the raising of 
balloons. 

(d) The experiment may ber varied by filling the bladder with a 
•mixture of two parts of hydrogen gas and one of oxygen gas. Bub- 
bles, blown with this mixture, take fire on the approach of a lighted 
candle, and detonate with 'a loud report. It is proper, however, not 
to set them on fire, till they are completely detached from the bowl 
of the pipe ; otherwise the contents of the bladder will be exploded, 
with considerable danger to the operator. 

In this place a property of hydrogen gas may be described, which 
it possesses in common with all other aeriform bodies, viz. a tenden- 
cy to diffusion through any other elastic fluid, with which it may be 
brought into contact. Common or inelastic fluids are capable of re- 
maining in contact with each other for a long time without admix- 
ture. Thus if we half fill a wine glass with spirit of wine tinged 
with any colouring ingredient, and then* by means of the dropping 
tube, fig. 15, introduce under it a quantity of water, the spirit floats 
on the water, and the two surfaces remain perfectly distinct, pro- 
vided we carefully avoid agitation or unequal changes of tempera- 
ture. But this is not the case with elastic fluids or gases, which, It 
has been discovered by Mr. Daltont, penetrate each other, and be- 
come thoroughly mixed under all circumstances. The fact, with re- 
spect to hydrogen and oxygen gases, may be proved by a very simple 
apparatus. 

Provide two glass vials, each of the capacity offabout an ounce mea- 
sure, and also a tube open at both ends, 10 inches long and one QOth 
inch bore. At each end, the tube is to be passed through a perforate'd 

* Phil. Trans. 1801. 
f Manchester Memoirs, vol. i. new series. 



SECT. I, WATER. 145 

cork, adapted to the necks of the vials. Fill one of the bottles with 
hydrogen gas, and the other with oxygen gas ; place the latter on a 
table with its mouth upwards, and into this insert the tube secured 
by its cork. Then, holding the hydrogen bottle with its mouth 
downwards, fit it upon the cork at the top of the tube. The two 
bottles, thus connected, are to be suffered to remain in this perpen- 
dicular position. After standing two or three hours, separate the 
vials, and apply a lighted taper to their mouths, when it will almost 
certainly occasion an explosion in each. The hydrogen gas, though, 
nearly 15 times lighter than the oxygen, must, therefore, have de- 
scended through the tube from the upper into the lower vial ; and 
the oxygen gas, contrary to what might have been expected from its 
greater weight, must have ascended through the tube, and displaced 
the lighter hydrogen. 

Experiments of this kind, it has been shown by Mr* Dalton, may 
be extended to all the other gases ; but to prove the effect, tests of 
a different kind are necessary, which require a previous knowledge 
of the properties of these gases. They tend to establish the conclu- 
sion, that a lighter elastic fluid cannot remain upon a heavier with* 
out an admixture of the two. 



CHAPTEftVt. 

OV THE COMPOSITION, DECOMPOSITION, AND PROPERTIES OF WATER. 



SECTION I. 

Synthesis, or Composition, of Water. 

Ik chap. v. sect. v. it was stated, that oxygen arid hydrogen gases, 
when fired over water, in the proper proportion, wholly disappear. 
To ascertain the nature of the product thus formed, the experiment 
must be repeated over mercury, in a similar manner, by means of 
the detonating tube (pl.'ii. fig. 28). When this is done repeatedly, it 
is found that the product of the combustion is that well known fluid, 
water, which is tnus proved to be composed of two elementary in- 
gredients. The water, produced in this mode, is not, however, to be 
considered as a compound of the two gases, but only of their bases ; 
for the light and caloric, which constituted the gases, escape, in con- 
siderable part, during the combustion. Every gas, it must be re- 
membered, has at least two ingredients; the one, gravitating matter/ 
which, if separate, would probably exist in a solid or liquid form; 
the other, an extremely subtile fluid, termed caloric In the example 
before us, caloric (and perhaps electricity and light) is a common ingrc- 
Vol. !•— * *T. 
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dient both of hydrogen and ox ygen gases ; but the two gases differ, 
in having different bases. The basis of the one is called hydrogen 
of the other oxygen ; and water may, therefore, be affirmed to be 
a compound, not of hydrogen and oxygen gases, but of hydrogen 
and oxygen. Its composition may be prdved in two modes, by 
synthesis, ». e. by joining together its two elementary ingredients ; 
and by analysis; in other words, by separating the constitutent 
parts of water, and again exhibiting them in a distinct form. 

I. Fill, with hydrogen gas, a bladder, furnished with a stop-cock 
and bent pipe (fig. 41, e), as in the last chapter. Then pour into 
a shallow earthen dish as much quicksilver as will about half fill it, 
and invert over this a glass bell, full of common air and perfectly 
dry. Expel the hydrogen gas through the pipe ; light the stream, 
and bring it under the glass bell, by raising this, and depressing it 
into the mercury, as soon as the inflamed gas is introduced. A por- 
tion of air will escape, at first, in consequence of the rarefaction. 
As the combustion continues, water will form, and will condense on 
the sides of the glass* This water is produced by the union of hy- 
drogen with the oxygen contained in atmospheric air. 

II. Those persons who are not possessed of a sufficient quantity 
of quicksilver to repeat the above experiment, may substitute the 
following : procure a large glass globe, capable of holding three or 
four quarts, and having two openings, opposite to each other, which 
may be drawn out for a short distance, like the neck of a retort. In- 
flame the stream of hydrogen gas, and introduce it into the centre 
of the globe. The rarefied and vitiated air will ascend through the 
aperture of the globe, and a constant supply of fresh air will be fur- 
nished from beneath. By this combustion, a quantity of water will 
be generated, which will be condensed on the inner surface of the 
vessel. 

III. A simple and ingenious apparatus, less costly than any other, 
intended for the purpose of exhibiting the composition of water, is 
-made by Mr. Cuthbertson of London. It is described and figured 
in Nicholson's Journal, 4to. ii. 235 ; or in the Philosophical Maga- 
zine, ii. 317* ; and also in plate iv. of this work, figs. 33 and 34. 

In using this apparatus, however, instead of two glass receivers 
for the oxygen and hydrogen gasfes, standing inverted in a trough of 
water, I employ a couple of gazometers; and with this alteration, 
the experiment is more easily managed, as well as more striking. 
The apparatus, thus modified, consists of a large glass receiver or 
bottle a (pi. iv. fig. 34), with an opening at the bottom, into which is 
cemented a piece of brass, perforated with two holes. This brass 
piece is represented of a larger size in fig. 3S ; the aperture a con- 
veying the oxygen gas, and b the hydrogen. Before commencing 
the experiment, the cock e, fig, 34, is screwed, by means of a coliar- 

• In the same volume of the Philosophical Magazine, an interesting account 
*\ may be consulted of the principal experiments on the composition of water, 
accompanied by neat and perspicuous engraving's of the apparatus employed 
in them. 
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joint*, to the cock b of the gazometer, fig. 35, containing oxygen gas ; 
and to the cock d, by the same means, is affined another gazometer, 
, tilled with hydrogen gas. 

When it is intended to ascertain, accurately, the proportion of 
gases consumed and of water generated, the receiver a, previously 
weighed, is first exhausted by an air-pump, with which it may be 
connected by the female screw at c. The quantity of common air 
left in the receiver may be determined, by enclosing a gauge within 
it. If 4 he additional expense be not deemed an objection, it'is advi- 
se able, that after exhausting the receiver, oxygen gas should be ad- 
mitted ; its contents be exhausted a second time ; and again renew- 
ed by fresh oxygen from the gazometer, the quantity of which may 
be observed by the graduated scale. The receiver being thus filled 
with oxygen gas, and accurately closed by a cock at c, a succession 
of sparks is to be passed, from the prime conductor of an electrical 
machine, between the platina knob of the bent wire within the 
receiver, and the point of the brass cone. While the sparks are 
transmitted, the cock d is to be opened. A stream of hydrogen gas 
will immediately issue from the aperture at the. point of the cone, 
and will be inflamed by the electric spark, as represented fig. 33. 
The cock e is now to be opened, and the size of the flame of 
hydrogen gas moderated by partly shutting the cock d. As the 
volume of hydrogen gas consumed is double that of the oxygen; 
and the pipe, which transmits it, is of less diameter than that con- 
veying the latter, about twice the pressure is required to expel the 
hydrogen. This is given, by lessening, in that proportion, the weight 
of the counterpoise {ee. fig. 35) of the gazometer containing hydrogen. 
During the combustion, the moveable vessel c, fig. 35, of each ga- 
zometer descends ; and, by observing the graduated scales, it will 
be seen that the hydrogen vessel fills twice as quick as that which 
holds the oxygen gas. It is necessary to keep the receiver a cool by 
means of wet cloths; and, when this is done, the water, which is pro- 
duced, will form into drops on the inside of the receiver, and collect 
at the bottom. At the conclusion of the experiment, the receiver is 
to be again weighed, and the increase noted. The quantity of gases 
consumed is to be observed, and their actual weight computed, by 
means of the table given in the Appendix. It will be found, that the 
weight of water produced is very nearly equal to that of the two 
gases expended ; that is to say, for every hundred grains of water 
generated in the receiver, 88.3 grains of oxygen gas, and, 1 1.7 grains 
of hydrogen gas (equal by measure to about 250 cubic inches of the 
former, and 500 of the latter), will have disappeared from the gaso- 
meters. 

Of the Proportion of the Elements of Water. 

The precise determination of the proportions of oxygen and hydro- 
gen in water, is a problem of great importance, not only on account 
of the fact itself, but of its influence on the general theory of che- 

f See pi. v. fig. 4,7 ; and the corresponding description of the structure of 
this joint, in the explanation of the plates at the end of the work. 
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jnistry. The results of almost all the earliest experiments tended to 
prove, that water is a compound of 85 parts by weight of oxygen, 
and 15 of hydrogen. These numbers were afterwards corrected by 
fourcroy, &c. to 85,7 of oxygen,, and 14.3 of hydrogen; and in 1805 
it was shown, by Humboldt and Gay Lussac, that the quantity of 
aqueous vapour, which gases always contain, being subtracted, it is 
a nearer approximation to truth to state the proportions at 87.4 and 
12.6. It is admitted, on all hands, that water is formed by the union 
of two volumes of hydrogen gas, and one volume of oxygen gas. The 
greatest deviation from those numbers that has ever been contended 
for,, is that 100 measures of oxygen gas combined with 197 of hydro- 
gen. A difference, however, so difficult to ascertain, on account of its 
minuteness, may be neglected ; and it may be safely assumed, that 
the general statement of one volume of oxygen to two of hydrogen is 
correct. 

In determining the proportion of the elements of water* everjr 
thing will depend, therefore, on the precision with which the speci* 
fie gravities of oxygen and hydrogen gases are ascertained. . Taking 
the results of Biot and Arago as accurate (viz. 1.10359 for oxygen 
gas, and 0.07321 for hydrogen gas), the proportion of the elements 
of water must be as those numbers ; and 100 grains must be compo- 
sed of 

Oxygen 88.286 

Hydrogen 11.714 

100. 

These proportions scarcely differ from those determined by Ber- 
zelius (81 An. Ch. 25), viz. 

Oxygen . . . .88.246 . . . .750*77 . . . .100 
Hydrogen . .11.754 • . • .100 13.33 

100. 850.77 113.33 

If then we admit, with Mr. Dalton, that water is compounded of 
an atom of oxygen united with an atom of hydrogen, the relative 
weights of these atoms will be the same as the relative weights of 
oxygen and hydrogen, ascertained to form water, viz< for oxygen 
very nearly 7.5, and for hydrogen 1. Or if, with Dr. Wollaston 
and others, we denote the atom of oxygen by 10, the atom of hydro-, 
gen will bear to 10 the same ratio that 1 bears to 7.5, viz. it will be, 
denoted by 1.327. It should be observed, that Mr. Dalton has de-. 
duced the relative weight of the atom of oxygen to be to that of hy- 
drogen as 7 to 1 *. But this determination is founded on the results 
of Humboldt and Gay Lussac, and not on the more recent, and pro- 
bably more correct ones of Biot and Arago. 

It must be allowed, however, to be possible, though it is a much, 
less probable view oi the subject, that water may be a compound of, 

* New System, p. 275. 
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two atoms of hydrogen with one of oxygen, which would double Ihe 
weight of the atom of oxygen, and make it 15, the number assumed 
by Sir H. Davy. But hitherto we have no evidence that oxygen and 
hydrogen unite in any other proportion, than that constituting wa- 
ter ; for whatever excess we employ of the one gas, or of the other, 
the surplus invariably remains without alteration. Now it admits 
of being proved to be consistent with mechanical principles, that the 
most energetic combination of any two elements is that, in which 
they are united particle to particle. Until, therefore, the contrary 
can be established, we may assume, with Mr. Dalton, that water is 
a binary compound of 1 atom of oxygen, and 1 atom of hydrogen : 
and, adding the weights of these atoms' together (7.5 + 1), an atom 
of water will weigh 8.5. The same proportions, expressed by dif- 
ferent numbers, as proposed by Dr. Wolfaston, will make the rela- 
tive weight of an atom of water 10.000 + 1.327 as 11.327; the only 
difference in this way of stating the fact, being, that oxygen, instead 
of hydrogen, is expressed by the decimal unit 



SECTION II. 

•Analysis, or Decomposition, of Water. 

The analytic experiments on water are of two kinds: 1st, Such 
as present us with one of its ingredients only, in a separate and dis- 
tinct form ; 2dly, Such as present us with its two component princi- 
ples, the hydrogen and oxygen, mixed together in the state of gas. 

' I. Of the first kind are the following : 

1. Procure, a gun-barrel, the breech of which has been removed, 
so as to form a tube open at each end. Fill this with iron wire, coil- 
ed up in a spiral form. To one end of the barrel adapt a small 
glass retort, partly filled with water, and to the other a bent glass 
tube, the open end of which terminates under the shelf of the pneu- 
matic cistern. Let the barrel be placed horizontally Tor rather with 
that end, to which the retort is fixed, a little elevated) in a furnace, 
which has two openings in its body opposite to each other. (PI. iv. 
fig. 40.) Light a fire in the furnace ; and, when the gun-barrel has 
become red-hot, apply a lamp under the retort The steam of the 
water will pass over the red-hot iron, and will be decomposed. Its 
oxygen will unite with the iron ; and its hydrogen will be obtained 
in the form of a gas. This is the readiest and cheapest mode of pro- 
curinghydrogen gas, when wanted in considerable quantity. 

2. The same experiment may be repeated ; substituting an earth- 
en tube for a gun-barrel, and weighing the iron wire accurately, both 
before and after the experiment The iron will be found to have 
gained weight very considerably ; and, if attention be paid t:o the 
weight of the water that escapes decomposition, by an addition to 
the apparatus (fig. 40, e), and to the weight of the hydrogen gas ob- 
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tained, it will be found, that the weight gained by the iron, added to 
that of the hydrogen gas, will make up exactly the weight of the wa- 
ter that has disappeared. From experiments of this kind, conduc- 
ted with the utmost attention to accuracy, as well as from synthetic 
experiments, Lavoisier inferred, that water is compounded of 85 per 
cent oxygen, and 15 hydrogen, by weight, very nearly. But as hy- 
drogen gas is eleven times lighter than common air, the proportion of 
gases, by volume, required to form water, is about two of nydrogen 
to one of oxygen gas. By the decomposition of every hundred grains 
of water, therefore, the iron employed gains 85 grains, and becomes 
oxidized ; and 15 grains (equal to about 500 cubical inches) of hydro- 
gen gas are obtained. 

3. Water may be decomposed, in a similar apparatus, over char- 
coal instead of iron. The results, however, are different in this case, 
as will appear from a subsequent section. 

4. Another -mode of effecting the decomposition of water jet re- 
mains to be mentioned, in which not the hydrogen, but the oxygen, 
is obtained in a gaseous state. This is by the action of living vege- 
tables ; either entire, or by means of their leaves only. Fill a clear 
glass globe with water, and put into it a number of green leaves, 
from almost any tree or plant. A sprig or two of mint will answer 
the purpose perfectly as well. Invert the glass, or place it, with 
its mouth downwards, in a vessel of water. Expose the whole appa- 
ratus to the direct light of the sun, which will then fall on the leaves 
surrounded by water. Bubbles of air will soon begin to form on the 
leaves, and will increase in size, till at last they rise to the top of the 
vessel. This process may be carried on as long as the vegetable con- 
tinues healthy ; and the gas, when examined, will prove to be oxygen 
gas, nearly pure. In this experiment, the hydrogen combines with 
the plant, to the nourishment and support of which it contributes, 
while the oxygen is set at liberty. 

II. The processes, by which the elementary parts of water are 
separated from each other, and are both obtained in an aeriform 
state, as a mixture of hydrogen and oxygen gases, are dependent 
on the agency of electricity. 

1. The first of these experiments requires for its performance the 
aid of a powerful electrical machine. This fact was the discovery 
of a society of Dutch chemists ; and the principal circumstance, in 
the experiment, is the transmission of electrical shocks, through a 
confined portion of water. The apparatus employed, in this expe- 
riment of Messrs. Dieman and Van Troostwyk, is a glass tube, about 
one 8th of an inch diameter, and IS inches long, one of the ends of 
which is sealed hermetically, a gold .wire being inserted at this end, 
and projecting about an inch and a half within the tube. About 
the distance of five 8ths of an inch from the extremity of this, ano- 
ther wire is to be fixed, which may extend to the open end of the 
tube. The tube is next to be filled with distilled water, and to be 
placed inverted in a vessel of the same. When thus disposed, elec- 
trical shocks are to be passed between the two ends of the wire, 
through the water ; and, if these shocks be sufficiently strong, bub- 
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bles of air will be formed at each explosion, and will ascend till the 
upper part of the wire is uncovered by the water. As. soon as this 
is effected, the next shock that is passed will set fire to the mixed 
gases, and the water wiill rise again in the tube, a very small quan- 
tity of gas remaining. Now, as hydrogen and oyxgen gases, in a 
state of admixture, are the only ones that are capable of being in- 
flamed by the electric shock ; and as there is nothing in the tube, 
beside water, that can afford them in this experiment, we may safe- 
ly infer, that the evolved hydrogen and oxygen gases arise from de- 
composed water. 

2. An improved apparatus, exhibiting the same experiment, with 
less trouble to the operator, has been invented by Mr. Cuthbertson, 
and may be seen described and figured in Dr. Pearson's paper in the 
Philosophical Transactions for 1797, or in Nicholson's Journal, vols, 
i. and ii. 4to. 

3. The decomposition of water by galvanic electricity is a process 
singular adapted to demonstrate the fact in a single and elegant 
manner. The manner of conducting it, as well as the results, will 
be fully explained, when we come to treat of the general principles 
of electro-chemical science. 



SECTION III. • 
Properties and Effects of Water*. 

I. Water contains air.— This may be shown by placing a glass 
'vessel of water under the receiver of an air-pump. During the ex- 
haustion of the reciever, bubbles of air will be seen to ascend very 
plentifully. Much air escapes also from water, during boiling, and 
may be collected by a proper apparatus. The same fact may also be 
exhibited, by filling a barometer tube, about 52 inches long, sealed 
at one end, with quicksilver, except about four inches, and the re- 
mainder with water. On inverting the open end of the tube in 
quicksilver, bubbles of air will be seen, in a short time, to rise from 
the water. 

The kind of gas, extricated from the water of a spring at a con- 
siderable distance from the surface, I have made the object of experi- 
raentt. From 100 cubic inches of the water, or about S§ wine pints, 
4.76 cubic inches of gas were separated; of which 3.38 were carbon- 
ic acid gas, and 1.58 air of the same standard as that of the atmos- 
phere. 

* Whenever in the course of this work, water is mentioned as an agent in 
any chemical operation, pure distilled water is to be understood. 
f Philosophical Transactions, 1803. 
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It is probable that the proportion of gaseous contents differs in 
the water of different springs, for Mr. Dal ton states the average of 
his experiments to be about 2 inches from 100 of water, and that 
the air expelled, after losing 5 or 10 per cent, of carbonic acid by 
the action of lime-water, consisted of 38 per cent, oxygen and 62 
nitrogen*. 

Every gas is absorbed by water, deprived of all or the greater part 
of its air by long boiling. The quantity, however, which water is 
capable of absorbing, varies considerably with respect to the dif- 
ferent gases. Those, of which only a small proportion is absorbed, 
require violent and long continued agitation in contact with water. 
The following table has been drawn up by Mr. Dal ton from the com* 
bined results of his own experiments and mine* 

Water absorbs, at the mean pressure and temperature of the 
atmosphere, 

V 

Of carbonic acid gas • its own bulk. 

sulphureted hydrogen < do. 

nitrous oxide «. do. 

defiant gas J 

oxygen gas . .......... 4 7 . 

nitrous gas do. 

Carbureted hydrogen . . . • . do. 

carbonic oxide . . .* 6 \. 

azotic gas • . • • do. 

hydrogen gas do. 

The accuracy of these results has been called in question by Saus- 
suret, who, from a series of experiments of his own, nas deduced the 
numbers expressed in the second column of the following Table. 

Gases. 100 volumes of water 100 volumes of water 

absorb (Dalton and Henry) absorb (Saussure.) 

Sulphurated hydrogen .... 100 253 

Carbonic acid 100 106 

Nitrous oxide 100 . 76 

Olefian gas 12.5 15.3 

Oxygen 3.7 6^ 

Carbonic oxide 1.56 6.2 

Azotic , . 1.56 4.1 

Hydrogen 1.56 4.8 

Absolutely pure water (not merely freed from air by boiling) ac- 
cording to recent experiments of Mr. Dalton, takes up 2$ per cent . 
of its bulk of azotic gas, and two per cent, of hydrogen. In the 
other gases, he is disposed to abide by his original numbers, and to 
consider those of Saussure) as much greater than the truthj. 

* New System, p. 271. f Thomson's Annals, vi. 340. 

t Thomson's Annals, vii. 215, 
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II. Water is contained in the air of the athospnere, even during the 
driest weather. — Expose to the air, m a shallow vessel, a little sub- 
carbonate of potashor common salt of tartar. In a few days it will have 
become moist, or • deliquiated. On the same principle, water exposed 
to the air, in a shallow vessel, disappears, being dissolved by the atmos- 
phere, Saussure states the quantity of water in a cubic foot of air, char- 
ged with moisture at 65° of Fahrenheit, to be 11 grains. The quantity 
of water, that may be extracted from 100 cubical inches of air, at 
57° Fahrenheit, is 0.35 of a grain; but, according to Ciemont and 
Desormes, at 54° Fahrenheit, only 0.236 of a grain can be detached 
by exposure to muriat of lime. The experiments, both of these che- 
mists and of Mr. Dalton, concur in proving that at the same tempe- 
rature, equal bulks of different gases give up the same quantity of 
water to deliquescent salts. The portion of humidity, which they 
thus abandon, has been called hygrometric water. Whether they* 
contain a still farther quantity in a state of more intimate union 
and not separable by deliquescent substances, is still undetermined. 

III. Several bodies absorb water from the atmosphere, which can 
scarcely be supposed to have -an affinity for it, and again give it up, 
on the application of a gentle heat. Such are almost all substances 
in the state of powder : porous paper ; soils which have been arti- 
ficially dried ; parched oat-meal ; and even the filings of metals. 
Some powders retain the moisture they have absorbed, till a consi- 
derable heat is applied*. The nature of this combination is not ex- 
actly understood. 

There are two different theories of the state in which water ex* 
ists in the atmosphere and in other gases. By most writers, it has 
been considered as united to air by chemical affinity ; and, when ab- 
stracted by other bodies, (as sulphuric acid, lime, and the whole class 
of deliquescent salts) the effect has been ascribed to the superior 
affinity of those bodies for water. Mr. Dalton first took a different 
view of the subject, viz. that the vapour of water, mixed with air 
and t)ther gases, differs in no respect from pure steam, and is subject 
to the same laws. It constitutes, indeed, in his opinion, a distinct 
and independent atmosphere, the elastic force of which forms, at 
different temperatures, different proportions of the elastic force of 
the whole ; for example, at the temperature of 65° Fahrenheit, it 
it gives to air T J °f ^ 9 elasticity. This theory appears to have much 
more probability, than that which explains the phenomena by chemi- 
cal affinity; and it is supported, especially, by the absorption of cal- 
oric, which is ascertained to be of the same amount in spontaneous 
as in forced evaporation. 

Instruments for measuring the degree of moisture of the air are call- 
ed hygrometers. They consist, for fie most part, of some substance, 
such as a human hair or a fine slip of whale-bone, which is elongated by 
moist atmosphere, and shortened by a dry one. The extreme points 
are attained by placing it, first in air artificially dried, and then in 
air rendered as humid as possible. The degree of expansion or con* 

• * Bewelius, 79 An. Chim. 118. 
Vol. L— U. 
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traction is rendered more sensible by connecting it with an axis, 
which moves a circular index, like the finger of a clock. Mr. Les- 
lie, by a slight, modification of his differential thermometer, makes it 
serve the purpose of an hygrometer ; for if one of the balls be cover- 
ed with silk, and then moistened with water, the rate of evaporation 
will be shown by the degree of cold produced, as indicated by the 
descent of the liquid in the opposite leg of the instrument. The 
drier the air, the quicker will be the evaporation, and the greater the 
effect in moving the liquid within the instrument. 

A new kind of hygrometer has lately been constructed by Mr- 
Wilson, of Dublin. It consists of the urinary bladder of a rat or 
other small animal, into which a thermometer tube is inserted, the 
bladder being afterwards filled with mercury, and tied firmly over 
the tube with a silk thread. The point of extreme moisture is taken 
' by immersing the bladder in water of the temperature of 60° Fah- 
renheit, and that of extreme dryness, by enclosing the bulb in air, 
dried by contact with concentrated sulphuric acid. The interval is 
divided into. 100 equal parts, being placed at the point of extreme 
dryness, and 100 at that of extreme moisture* Some correction of 
the results obtained with this instrument, is necessary, on account of 
the effects of changes of temperature on the bulk of the mercury*. 

, IV. Water enters into combination with various solid bodies, and 
entirely loses its fluid form. In many instances, it unites only in 
a definite proportion ; and it is retained by so powerful an affinity, 
as not to be'Separated by a very high temperature. Such compounds 
are termed hydrates, or, as Gay Lussac has proposed, hydro&uresf. 
The pure alkalies, potash, and soda, retain, for example, even after 
fusion, about } their weight of water, which can only be separated, 
by some body having a stronger affinity for the alkali. In all hydrates, 
at least one atom of water must be present, or it must be contained 
in them in such quantity, as to bear the proportion of at leat 8.5 
to the weight of the atom with which it is united. If, for example, 
the weight of the atom of potash be 48, as Sir H. Davy supposes, we 
cannot have a true chemical compound of water and potash, in which 
the former bears to the latter a less proportion than that of 8.5 to 48. 
And if, in any instance, water is obtained from a compound in a pro- 
portion less than that of the weight of the atom of water, to the 
weight of the atom of the body with which it is associated, we may 
take for granted that it is held mechanically and accidentally, and 
not as a true chemical constituent, Such appears to be the nature 
of the union of water with certain neutral salts (common salts for 
example) which contain only 1 or 2 per cent of their weight of water. 

. V. Water dissolves a great variety of solid bodies*— -The sub- 
stances, on which it exerts this effect, are said to be soluble in 
water ; and there are various degrees of solubility. See chap. i. and. 
the table in the Appendix. 

VI. During the solution of bodies in water, a change of tempe- 
rature ensues.— In most instances, an absorption of caloric (in other 

* Thomson's Annals, jx. 313. f Ann. de Qhta, et Phys. i. 170. 
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words, a production of cold) is attendant on solution, as in the ex- 
amples given in chap. iii. sect 2. But, in other cases, caloric is evolv- 
ed, or heat is produced. Thus, common salt of tartar, during solu- 
tion in water, raises the temperature of its solvent ; and caustic pot- 
ash, in a state of dryness, does the same still more remarkably. Both 
carbonated and pure potash, however, when crystallized observe the 
usual law, and absorb caloric during solution. Now as their differ- 
ence, in the crystalized and uncrystallized state, depends chiefly on 
their containing in the former, but not in the latter, water chemically 
combined, we may infer, that the cold, produced during the solution 
of salts, is occasioned by the conversion of the water, which exists ' 
in these bodies, from a solid to a liquid form. Some doubt, it must 
be acknowledged, is thrown on this conclusion by the obvervation of 
Gay Lussac, that a saturated solution of nitrate of ammonia mixed 
witn water of the same temperature is cooled 8 or 9 degrees*. 

VII. During the solution of salts in water, a quantity of air is 
disengaged.— This air was partly contained mechanically in the 
salt, and partly in the water. That it does not arise entirely from 
the former source, is proved by varying the experiment in the fol- 
lowing manner. Let an ounce or two of the sulphate of soda be put 
into a vial, and on this let as much water be poured as will com- 
pletely fill the bottle. The air contained in the pores of the salt 
will be thus disengaged ; but only a small portion of the salt will 
be dissolved, agreeably to the principle laid down, chap. ii. 7. Let 
the vial be shaken, and the whole of the salt will disappear ; a fresh 
portion of air being liberated during its solution. 

VIII. During the solution of bodies, the bulk of water changes* 
v— Take a glass globe, furnished with a long narrow neck (com- 
monly termed a matrass, see fig. 4), and put into it an ounce or two 
of sulphate of soda. Then, add as much water as will fill the globe, 
and about three 4ths of the neck. This should be done with as little 
agitation as possible, in order that the salt may not dissolve, till re- 
quired. Mark, by tying a little thread, or by a scratch with a file, 
the line where the water stands ; and then agitate the matrass. The 
salt will dissolve ; air will be set at liberty ; and, during the solution, 
the water will sink considerably below its level. The contraction of 
bulk is owing to the diminution of temperature; and, when the water 
has regained its former temperature, it will also be found, that its 
bulk is increased by the addition of salt The late Bishop Watson 
observed, that water exhibits a manifest augmentation of bulk, by 
dissolving only the two thousandth part of its weight of salt ; a fact 
sufficiently decisive against that theory, which supposes pores in 
water capable of receiving saline bodies without an augmentation of 
volume. 

IX: Water has its solvent power increased, by diminishing the 
pressure of the atmosphere*— Into a Florence flask, put half a pound 
of sulphate of soda ; pour on it barely a pint of water, and apply heat 
so as to boil the water. The whole of the salt will be dissolved. Boil 

* * An. de Chim. et Phys* i« 215. 
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the solution for several minutes pretty strongly, so as to drive out 
the air; and cork the bottle tightly, immediately on its removal from 
the fire.. To prevent more completely the admission of air, tie the 
cork over with bladder. As the vessel cools, an imperfect vacuum 
will be formed over the solution ; for the steam which arises during 
the ebullition expels the air, and takes its place. The steam is con- 
densed again, when the vessel cools. The solution, when perfectly 
cold, may be shaken without any effect ensuing, so long as the vessel 
is kept closely stopped; but, on removing the cork and shaking the 
vessel, the solution will immediately congeal, and heat will be pro- 
duced. This experiment, besides the principle which it is peculiarly 
intended to illustrate, exemplifies also the general rule laid down, 
chap. iii. sect & vi. viz. that caloric is always evolved, during the 
transition of bodies from a fluid to a solid state ; and it furnishes a fact 
exactly the reverse of that in which cold is produced, or caloric absorb- 
ed, during the solution of salts. It is proper, however, to remark that 
the observations of Or. Coxe, of Philadelphia*, have thrown some 
doubt over the cause of these phenomena, which appears to require 
farther investigation. From his experiments, the exclusion of air 
does not seem to be absolutely necessary ; for saline solutions con- 
tinued fluid, if perfectly at rest, through freely exposed to the atmos- . 
phere, but immediately became solid when shaken*. The efficacy 
of mechanical disturbance in promoting saline crystallization, under 
circumstances where it has been ascribed to the renewed contact of 
air with the surface of the solution, is illustrated also by some ex- 
periments of Dr. Uret. 

X. It is unnecessary to add any thing to what has been already, 
said in a former section, respecting the combination of caloric with- 
water constituting steam ; or to the history of the phenomena atten- 
ding its conversion into ice; except that, during .the latter change*, 
its bulk is enlarged in the proportion of nine to eight, and that, in, 
consequence of this expansion, water, during congelation 1 , is capable, 
of bursting the strongest iron vessels; and becomes specifically 
lighter. Hence, ice swims always on the surface of the water. 

It is remarkable, that this enlargement of the bulk of water begins 
long before its temperature has descended to the freezing point, viz* 
at about 40° Fahrenheit Let a thermometer bulb, arid part of its . 
tube, having a wide bore, be filled with water, tinged with a little 
litmus, which may be introduced by. the same means as those alrea-. 
dy directed for filling wi{h quicksilver. Immerse the thermometer 
in water of the temperature of 40° ; and, when the included water 
may be supposed to have attained the same degree of heat, remove 
the instrument successively into water of the temperature of 36° and- 
32°. At each immersion, the water will rise in the tube. Bring its 
temperature again to 40°, and it will descend to the same point as 
before. Place it in water of 50°, and it will again be expanded. 
Precisely similar effects, therefore, appear to result, in these experi- 
ments, from two opposite causes; for the bulk, of water is alike in-, 
creased by reducing or raising its temperature. It is contended, 

• Thomson's Annals, vi. 101. f Journal of Science, &c, v. 106, 



SECT. I. ELECTROCHEMISTRY. 15f 

however, by Mr. Dalton, that, in the apparent expansion by a lower 
temperature, there is a deception, arising from the contraction of the 
glass, which must lessen the capacity of the bulb, and force the wa- 
ter-up the stem. The question is not jet decided ; and is still con* 
tested by Mr. Dalton against the experiments of Count Rumford and 
of Dr. Hope. The first mentioned philosopher now contends, that 
water is of the greatest density at 36° of Fahrenheit, or 4° above its 
freezing point, and M. Biot infers that the true maximum of density 
is at 58.16 of Fahr.* 



CHAPTER VII. 

ON THE CHEMICAL AGENCIES OF COMMON AND GALVANIC ELECTII* 

CITY. 

• 

That branch of natural science which comprehends the pheno* 
mena of Galvanism, and the general principles under which they 
are arranged, is only of recent origin. It was not till the year 1791, 
that Galvani, an Italian philosopher, being engaged' in a course of 
experiments on animal irritability, observed accidentally the con* 
tractions which are excited in the limbs of frogs, by applying a con- 
ductor of electricity between a nerve and a muscle. The theory, 
which lie framed to account for this phenomenon, was, that the diffe- 
rent parts of an animal are in opposite states of electricity, and that 
the effect of the metal is merely to restore the equilibrium. The 
analogy, however, was afterwards shown to be without foundation* 
by Vblta, who excited similar contractions by making* connexion 
between two parts of a nerve, between two muscles, or between two 
parts of the same muscle; but to produce the effect, two different 
metals were found to be essential. Hence he was led to infer that, 
by the contact of different metals, a small quantity of electricity is 
excited ; and to the agency of this electricity, first upon the nerves, 
and through their mediation on the muscles, he ascribed the pheno* 
mena in question. 

Several years elapsed, during which the action of galvanic eleo 
tricity on the animal body, and the discussion of its cause, occupied 
the attention of philosophers. Early in 1800, the subject took anew 
turn, in consequence of the discovery by Signor Volta of the Galva- 
nic Pilet; a discovery which has furnished us with new and impor- 
tant instruments of analysis, capable, if any such there are, of lead-' 
ing to a knowledge of the true elements of bodies. From this period, 
discoveries have multiplied-with a rapidity, and to an extent, which 
surpass any thing before known in the history of science ; and the 
facts are now become so numerous, that an arrangement and classifi- 

* Thomson's Annals, ix 434. 

f Philosophical Transactions, 1890; or Philosophical Magazine, viz. 289. 
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cation of them seem to be preferable to an historical detail in the 
order of time. The method, which appears to me best calculated to 
give a distinct view of the subject, is to describe, 

I. The construction of galvanic apparatus, and the circumstances 
essential to the excitement of this modification of electricity: 

II. The facts, which establish its identity with the electricity exci- 
ted by ordinary processes : 

III. The agency of the electric or galvanic fluid in producing 
chemical changes : 

IV. The theory, by which these changes, in the present state of 
our knowledge, are best explained : And 

V. The hypotheses, which have been framed to account for the 
origin of the electricity, excited by galvanic arrangements. 



SECTION L 

Of tlie construction of Galvanic Arrangements. 

'For the excitation of ordinary electricity, it is well known that 
a class of substances are required, called electrics, by the friction of 
which the electric fluid is accumulated, and from which it may be 
collected by a different class of bodies termed non-electrics or con- 
ductors* When friction, for example, is applied to the glass cylin- 
der or plate of an electrical machine, that part of the glass, which is 
in contact with the rubber, attracts the electric fluid from it, as well 
as from all other conducting bodies, with which the rubber is con- 
nected. The glass, regaining instantly its natural state, repels the 
electric fluid, which is received by the prime conductor, placed for 
that purpose. All then that is effected, by the action of the machine, 
is a disturbance of the natural quantity of electricity in bodies, or a 
transfer of it from some to others, in consequence of which, while 
the latter acquire a redundance, the former become proportionally 
deficient in their quantity of electricity. 

The conditions necessary to the excitement of galvanic electrici- 
ty are altogether different ; for the class of bodies termed electrics, 
have now no longer any share in the phenomena. All that is requir- 
ed is the simple contact of different conducting bodies with each 
other ; and it has even been found by Dessaignes that two discs of the 
same metal, heated to different -temperatures, give sufficient electri- 
city to excite contractions in the legs of a frog, prepared for the 
purpose. Conductors of electricity have been divided into perfect and 
imperfect, the former comprehending the metals, plumbago and 
charcoal, the mineral acids, and saline solutions ; the latter or imper- 
fect, including water, alcohol and ether, sulphur, oils, resins/ me- 
tallic oxides, and compounds of chlorine. 

The least complicated galvanic arrangement is termed a simplb 
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galvanic circle. It consists of three conductors, two of which must 
be of the one class, and one of the other class. In the following Ta- 
bles, constructed by Sir H. Davy, some different simple circles are 
arranged in the orders of their powers, the most energetic occupying 
the highest place. 

Table of some Electrical •Arrangements, which by combination form 
Voltaic Batteries composed of two Conductors and one imperfect 
Conductor. 



Zinc, 






Iron, 


Each of these is the po- 


Solutions of nitric acid, 


Tin, 


sitive pole to all the 


- of muriatic acid. 


Lead, 


metals below it, and 


of sulphuric acid, 


Copper, 


negative' with respect 


of sal ammoniac, 


-Silver, 


to the metals above it 


of nitre, 


Gold, 


in the column. 


of other neutral salts. 


Platina, 






Charcoal. 







Table of some Electrical Arrangements, consisting of one Conductor 

and imperfect Conductors. 





Copper, 
Silver, 


Nitric acid, 


Solution of sulphur and potash, 
of potash, 


Lead, 
Tin, 


Sulphuric acid, 
Muriatic aeid, 


of soda. 


Zinc, 

Other Metals, 

Charcoal. 


Any solutions con- 
taining acid. 



In explanation of these Tables, Sir H. Davy, observes, that in all 
cases when the fluid menstrua afford oxygen, those metals, which 
have the strongest attraction for oxygen, a,re those which form the 
positive pole. But when the fluid menstrua afford sulphur to the me- 
tals, the metal which, under the existing circumstances has the strong- 
est attraction for sulphur, determines the positive pole. Thus, in a se- 
ries of copper and iron plates, introduced into a porcelain trough, the 
cells of which are filled with water or with acid solutions, the iron 
is positive and the copper negative ; but when the cells are filled with 
solution of sulphuret of potash, the copper is positive and the iron ne- 
gative.* When one metal only is concerned, the surface opposite the 
acid is negative, and that in contact with solution of alkali and sul- 
phur, or of alkali, is negative*. 

The powers of sipaple galvanic circles are but feeble ; but they 
may be made sufficiently apparent by the following experiments. 

1. When a piece of zinc is laid upon the tongue, and a piece of 
silver under it, no sensation is excited, so long as the metals arc 
kept apart ; but on bringing them into contact, a metallic taste is dis- 
tinctly perceived. In this case we have an example of the arrange- 
ment ot two perfect conductors (the metals) with one imperfect one 

* El. of China. Phil. p. 148. 
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(the tongue Or rather the fluids which it contains.) The metallic 
taste arises, in all probability, from the excitement of a small quan- 
tity of electricity by the contact of the metals, and its action on the 
nerves of the tongue. 

2. A piece of zinc, immersed under water which is freely exposed 
to the atmosphere, oxidizes very slowly ; but whengplaced in the same 
situation, in contact with a piece of silver, its oxidation is much 
more rapid. By immersing iron and silver (also in contact with each 
other) under diluted muriatic acid, the action of the acid upon the 
iron is considerably increased ; and hydrogen gas is evolved from 
the water, not only where it is in contact with the iron, but where 
it touches the silver. These facts explain, why, in the sheathing of 
ships, it is necessary to use bolts of the same metal which forms 
the plates; for if two different metals be employed, they both oxi- 
xlate or rust very speedily, in consequence of their forming, with the 
water of the ocean, a simple galvanic circle. 

Of compound Galvanic Circles or Batteries, 

Galvanic batteries are formed by multiplying those arrangement?, 
which compose simple circles. Thus if plates of zinc and of silver, 
and pieces of woollen cloth of the same size as the plates, and mois- 
tened with water, be piled upon each other (fig. 77. pi. ix.), in the 
order of zinc, silver, cloth ; silver, zinc, cloth ; and so on, for twen- 
ty or more repetitions, we obtain a galvanic battery, termed, from its j 
discoverer, the Pile of Volta. The power of such a combination is i 
sufficient to give a smart shock, as may be felt by grasping in the - f 
hands, which should be previously moistened, two metallic rods, and ' 
touching with these the upper and lower extremities of the pile. 
The shock may be renewed at pleasure ; until, after a few hours, the 
activity of the pile begins tjo abate, and finally ceases altogether. 

The metals, composing, a galvanic battery, may be more conve- 
niently arranged in the form of a trough, a happy invention of Mr. 
Cruickshank. In a long and narrow wooden trough, made of baked 
wood, grooves are cut, opposite to and at the distance of between J 
and I of an inch from each other ; and into these are let down, and 
secured by cement, square plates of zinc and copper, previously united 
together by soldering. (See figs. 37 and 78.) The space, therefore, 
between each pair of plates, forms a cell for the purpose of contain- 
ing the liquid, by which the combination is to be made active.. The 
advantage of this contrivance, over the pile, is partly that it is 
much more easily put in order ; but, besides this, it is a more effi- 
cient instrument. When constructed in the way which has been 
described, it affords an example of a galvanic combination of the first 
kind, formed by two perfect and one imperfect conductor. But it 
admits of being modified, by cementing, into the grooves, plates of 
one metal only, and filling the cells, alternately, with two different 
liquids, as diluted nitric acid and solution of sulphuret of potash. 
In this case, we have a battery of the second order, formed by the 
repetition of one perfect and two imperfect conductors. For all 



/ 



I 



SECT. X. ELECTRO-CHEMIST*?. 161 

purposes of experiment, the first kind of arrangement is universally 
preferred. 

Another modification of the apparatus, which may be called the 
Chain of Cups, was proposed by Volta at the same time that he com- 
municated his invention of the Pile; and, from the recent experiments 
of Mr. Children*, it appears to be a very useful and powerful one. 
It consists of. a row of glasses (see fig. 75), such as wine glasses or 
small tumblers, for the purpose of containing any fluid that may be 
selected. Into each of these glasses is plunged a plate of zinc and 
another of copper, each not less than an inch square, which are not 
to touch each other. The plate's of different cups are connected by me- 
tallic wires or arcs, in such a manner that the zinc of the first cup 
communicates with the copper of the second ; and the zinc of the 
second with the copper of the third ; and so on through the whole* 
row. The shock is felt on dipping the fingers of one hand into the 
fluid of the first cup, and those of the other hand into the last of 
the series. The superiority of this arrangement consists in both 
surfaces of each metallic plate being exposed to the action of the 
liquid ; whereas, by soldering the plates together, one of the surfaces 
of each is protected from the liquid, and contributes nothing to the 
effect. The common trough has lately been made to combine this 
advantage, by dividing it into cells, not by plates of metal, but by par- 
titions of glass. Into each of these cells filled with the proper liquid, 
a plate of each metal is introduced, but not so as to touch each, 
other. A communication is then made, by a metallic arc, between, 
the zinc plate of each cell and the copper one of the next, precisely 
as in the chain of cups. More lately, the troughs themselves have 
been made of earthen ware, and the partitions of the same material; 
the apparatus being completed, in other respects in the manner alrea- 
dy described. The plates, also, are now so suspended that when not in. 
use, they may all be lifted out of the cells at oncet. And it has been re- 
cently ascertained that the power of a battery is increased atpeast one 
half by placing ih each cell one zinc and two copper plates, so that 
each surface of zinc may be opposed to a surface of copperj. 

The size of the plates has been varied from one or two inches to 
several feet. The large battery, described by Mr. Children in the 
Philosophical Transactions for 1815, consisted of plates each sis 
feet by two feet eight inches, equal to 32 square feet ; andthe cells 
were capable of containing about 945 gallons of liquid. For ordi- 
nary purposes, plates of two inches square are sufficient ; but for 
the decomposition of several bodies, not less than 100 pairs of plates, 
each four inches square, are required^ The enlargement of the size of 
the troughs, so as to contain this number, would be extremely incon* 
venient ; and we may therefore combine the power of several troughs, 

•Philosophical Transactions, 1809, page 32. 
f See Pepys, in Journal of Science, &c. i. 193. 
* Phil. Trans. 1815. 

4 Some useful information respecting the number and size of plates, adapt- 
ed to different purposes, is given by Mr. Singer in Nicholson's Journal, auav. 
' 174. 
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by uniting the zinc end of the one with the copper end of the other, 
by the intervention of a metallic wire, or by an arc of silver or zinc. 

It may be sufficient to add, in general terms, that every combina- 
. tion, which is capable of forming a simple galvanic circle, may, by 
sufficient repetition, be made to compose a battery. The combina- 
tions, also, which are most active in simple circles, afe observed to 
be most efficient in compound ones. The foregoing tables of Sir H. 
Davy express, therefore, the powers of compound as well as of sim- 
ple arrangements. 

To construct a battery of the * first order, it is essential that a 
fluid be employed, which exerts a chemical action upon one of the 
metals. Pure water, entirely deprived of air, appears to be ineffi- 
cient. In general, indeed, the galvanic effect is, within certain li- 
mits, proportional to the rapidity with which the more oxidable metal 
is acted upon by the intervening fluid. Spring water was found suf- 
ficient, in Mr. Children's immense battery, to produce the ignition 
of platina wire. The fluid generally used is nitric acid, diluted with 
20 or 30 times its weight of water. Mr. Children recommends a 
-mixture of three parts fuming nitrous acid, and one sulphuric, dilu- 
ted with thirty parts of water. Directions, also, respecting the best 
kind and density of acids, for producing galvanic electricity, are 
given by Mr. Singer. ' From his experiments it appears, that acid of 
different densities is required for different purposes. The best wire 
melting charge is formed with ten gallons of water, five pounds of 
nitric acid, and half a pound of muriatic acid. 

The power of the apparatus has been found to be increased, when 
insulated by non-conductors ; and when surrounded by an atmosphere 
of oxygen gas ; not sufficiently, however, to make it necessary to re- 
sort to either of these expedients in ordinary cases. Oxygen gas dis- 
appears in this process, when carried on under a receiver ; and after 
all the oxygen is absorbed, the effect ceases, and is renewed by in- 
troducing a fresh portion. A battery, also, which has ceased to be 
efficient, has its activity renewed by emptying ihe cells of their li- 
quor, and uncovering the plates. W nen tne ce ^ s are ^ e ^ w ^ di- 
luted nitric acid, the apparatus continues active, even under the ex- 
hausted receiver of an air-pump, or in an atmosphere of carbonic 
acid or nitrogen gases. But if the cells be filled with water only, 
all action is suspended, by placing it under any of these circumstan- 
ces. Hence it appears that the oxidation of one or both of the metals, 
composing the trough, is essential to the excitement of galvanic 
electricity. . ' • 

The electric column may be classed among galvanic arrangements. 
It was originally contrived by M. de Luc, who formed it of discs of 
Dutch gilt paper, alternated with similar discs of laminated zinc. 
These were piled on each other in a dry state, and the instrument, 
instead of being soon exhausted, like the pile with humid substances, 
was found to continue active for some years*. A similar pile may 
be formed by laying a mixture of very finely powdered zinc with 
common glue and a little sugar, by means of a brush, on the back of 

* Nicholson's Journtf, vol. xxvi. 
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Dutch gilt paper ; and, when dry, cutting it into discs, which are to 
be piled on each other*. Zamboni of Verona has constructed a pile 
of slips of silver paper, on the unsilvered side of which is spread a 
layer of black oxide of manganese and honey. These papers are 
piled on each other to the number of 2000 ; then covered externally 
with a coating of shell lac ; and enclosed in a hollow brass cylinder. 
Two of these piles are placed at the distance of four or five inches 
from each other; and between them is suspended, on a pivot, alight 
metallic needle, which is attracted alternately to the one pile and 
the other, so that it moves between them like a pendulum. This in- 
strument has been applied to the measurement of time, by causing it 
to give motion to the pendulum of a clockf. * 



SECTION II. 

On the mutual Relation of Electricity and (Galvanism. 

Is the influence, it may now be inquired, which is called into ac- 
tion in a way so different from that employed for the excitation of 
ordinary electricity, identical with it or of a different kind ? This 
question will be decided by examining whether any of those phe- 
nomena, which are occasioned by the agency of the electric fluid, 
are produced also by that of galvanism ; and we shall find the fol- 
lowing striking resemblances : 

1. The sensation, produced by the galvanic shock, is extremely 
similar to that which is excited by the discharge of a Leyden jar. 
Both influences, also, are propagated through a number of persons, 
without any perceptible interval of time. 

2. Those bodies, which are conductors of electricity, are also 
conductors of the galvanic fluid, as the metals, charcoal, and a va- 
riety of liquids. Again, it is not transmitted by glass, sulphur, and 
the whole class of electrics, which do not convey ordinary electricity. 
Among liquids, those only are conductors of electricity and galvan- 
ism, which contain oxygen as one of their elements.} 

3. The galvanic fluid passes through air and certain other non- 
conductors, in the form of sparks ; accompanied with a snap or re- 
port ; and, like the electric fluid, it may be made to inflame gun- 
powder, phosphorus, and mixtures of hydrogen and oxygen gases. 
It has been found, also, by Mr. Children, that in the Voltaic appa- 
ratus there is, what is called in electricity, a striking distance. 
With a power of 1250 pairs of four inch plates, he found this dis- 
tance to be one 50th of an inch, the thickness of a plate of air, 
through which the galvanic discharge is able to pass in the form of 
a spark. Increasing the number of plates, the striking distance will 
be greater ; and the reverse when it is diminished. It is also in- 
creased by rarefying the air, through which the spark is transmitted- 

* Phil. Mag. xlvii. 265. 
f Phil. Mag. xlv. 261. 

* Cruickshank, in Nicholson's 4to. Journal, iv. 258. 
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4. The Voltaic apparatus is capable of communicating a charge 
to a Lejden jar, or even to a battery. If the zinc end of a pile 
(whether it be uppermost or the contrary) be made to communicate 
with the inside of a jar, it is charged positively. If circumstances 
be reversed, and the copper end be similarly connected, the Jar is 
charged negatively*. The shocks do not differ from those of a jar 
or battery, charged to the same intensity by a common electrical 
machine. 

5. Galvanism, even when excited by a single galvanic circle onl y 
(such as a piece of zinc, a similar one of copper, and a piece of cloth 
moistened with a solution of muriate of ammonia), distinctly affects 
the gold leaf of the condensing electrometer. If the zinc end be 
uppermost, and be connected directly with the instrument, the elec- 
tricity indicated is positive ; if the pin of the electrometer touch the 
copper, the electricity is negative. A pile consisting of sixty corn- 
bin : ,ons produces the effect still more remarkably t. 

6. The chemical changes produced by galvanic and common elec- 
tricity, so far as they have hitherto been examined, are precisely 
similar. These will form the subject of the following section. 



SECTION III. 

On the Chemical Agencies of Electricity and Galvanism* 

The effects of the electric or galvanic fluids, in producing chemi- 
cal decomposition, cannot be described, without introducing to the 
reader the names of several substances, with which, in the present 
state of his knowledge, he may be supposed to be unacquainted. This 
difficulty is unavoidable ; for it is impossible to explain the general 
laws of electro-chemical action, without a variety of particular in- 
stances. In general, however, it will be found that a minute ac- 
quaintance with the bodies, which are brought in illustration, is by 
no means essential ; and that it is sufficient to consider them as com* 
posed simply of two ingredients, which are in opposite electrical 
states, and are subject to the laws of electrical attraction and repul- 
sion. 

The most simple chemical effect, produced alike by the agency of 
electricity and galvanism, is the ignition and fusion of metals. 
"When a piece of watch-pendulum wire is placed in the circuit of a 
common electrical battery, containing not less than three or four 
square feet of coating, at the moment of the discharge the wire be- 
comes red-hot ; but continues so only for a few seconds ; no longer, 

* Cuthbertson's Practical Electricity and Galvanism, p. 261 ; Volta, in 
Nicholson's Journal, 8vo. i. 140; Van Marum, in Philosophical Magazine, 
jii. 162. 

i Nicholson, 8vo. i. A39, and ii. 281 j Cuthbertaon, p. 264* 
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indeed, than if it had been ignited in any other way*. The same 
effect may be produced by making a piece of wire the medium of 
communication between the opposite extremities of a galvanic trough; 
but, in this case, the heat continues sensibly longer, than when it is 
excited by an electrical explosion. Indeed a platina wire may be 
kept ignited in vacuo, for an unlimited time, by Voltaic electricity. 
Water, surrounding a wire so placed, may be made to boil briskly. 

By means of his large battery, Mr. Children not only ignited wire 
of considerable thickness ; but a bar of platina, Jth of an inch square 
and £i inches long, was ignited, and even fused at one end. The 
facility of being ignited in the different metals appeared to be in- 
versely proportional to their power of conducting heat Thus^ pla- 
tina, which has the lowest conducting power, was most easily igni- 
ted ; and silver, which conducts heat better than any other metal, 
was ignited with greater difficulty than any of the rest. 

It does not appear, that a very powerful combination is required 
to produce ignition, if the wire be made of proportionately small di- 
ameter. Dr. Wollaston has ascertained that a wire 3^ of an inch 
in diameter may be ignited by a single zinc plate only one inch 
square, provide^ each of its surfaces be opposed to a surface of cop- 
per or some other metal. The liquor which he employed was a mix- 
ture of one measure of sulphuric. acid with 50 measures of water. 
Any farther diminution in the diameter of the wire he found to be 
unfavourable to the effect, in consequence of the increase of the 
cooling power of the atmosphere. t 

When the power of an electrical battery is increased, metallic 
wires, by transmitting the discharge through them, may be melted 
and dispersed in the form of smoke, or of an impalpable powder 
lighter than air. The galvanic discharge, also, is capable or fusing 
metallic wires ; but being less violent, it does not scatter their par- 
ticles to a distance. Even wire from the most infusible of the metals, 
platina, acquires a white heat, and melts into globules. 

With a still more powerful electrical battery (one for example 
containing about 18 square feet) metallic wires are not only melted, 
but undergo absolute combustions Lead and tin wire emit a yellow 
light, and copper and silver a green one. If the experiment be made 
on wire confined in' a glass receiver, which contains a measured 
quantity of air, the bulk of the air, and its proportion of oxygen, are 
both found to be diminished.]: The metals are converted into oxides 
of different colours ; lead, tin* and zinc, into white oxides ; platina, 
gold, silver, and copper, into oxides of a dark colour. The experi- 
ment maybe pleasingly varied, by passing the discharge through 
wires, stretched over panes of glass or sheets of paper, at a small 
distance from their surface. The metallic oxide which is produced 
is forcibly driven into the glass or paper ; and produces beautiful 
figures, varying in colour with the metal employed §. 

* On the quantity of coated surface required for igniting different lengths 
of wire, the reader may consult Mr. Cuthbertson's book, p. 161, &c. 

f Thomson's. Annals, vi. 209. * Cuthbertson, p. 199. 

4 Cuthbertson, p. 226; and Wilkinson's Elements of Galvanism* in the 9th 
plate of which these appearances are represented. 
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The combustion of metals may be effected, also, by galvanic elec- 
tricity; but for this purpose the form of very thin leaves is preferable 
to that of wire. The plates, composing the galvanic trough, should, 
for this purpose, be not less than four inches square, the larger, in- 
deed,, the better; and several troughs should be joined together, so 
as to form an aggregate of not less than 100 or 150 pairs of plates. 
The galvanic influence is to be conveyed by wires brought from each 
extremity of the arrangement, and placed in contact with the oppo- 
site surfaces of the leak For the protection of the fingers, the wires 
should be inclosed in glass tubes. When thus exposed, the metals 
burn, or rather deflagrate, with great brilliancy. 

Gold emits a very vivid white light, inclining a little to blue, and 
leaves an * oxide, whose colour verges towards that of mahogany. 
Copper presents similar phenomena. 

The flame of silver is a vivid green, somewhat like that of a pale 
emerald, and the light is more intense than that of sold. Lead gives 
a vivid light of a dilute bluish purple. Tin, a light similar to that 
of gold ; and zinc, a bluish, white flame, fringed with red*. In all 
these cases, provided the power be sufficiently strong, the deflagra- 
tion is kept up, for some time, without intermission. 

But a much more remarkable action is exerted by tfre .electric and 

falvanic fluids, in disuniting the elements of several combinations, 
me of the; first discoveries of the chemical agency of the pile was 
its power of decomposing water. Two pieces of any metallic wire 
are thrust through separate corks, which are fitted into the open 
ends of a glass tube in such a way, that the extremities of the wires, 
when the corks are in their places, may not be in contact, but may 
be at the distance from each other of about a quarter of an inch (see 
fig. 77, a). If the parts of the wire, which project from without the 
tube, be made to communicate, the one with the zinc or positive end, 
and the other with the Copper or negative end, of a galvanic battery, 
a remarkable appearance takes place. The wire, connected with 
the zinc or positive end of the pile or trough, where it is in contact 
with the water, if of an oxidable metal, is rapidly oxidized; while 
from the negative wire a stream of small bubbles of gas arises. But 
if the wires employed be of a metal which is not susceptible of oxi- 
dation, such as gold or platina, gas is then extricated from both wires, 
and, by a simple contrivance, may be separately collected. The ap- 
paratus for this purpose is shown by fig. 76, where the wires p and 
ft, instead of being introduced into a straight tube, are inclosed in a 
syphon, and terminate before they reach the end, in which a small 
hole is to be ground. When a stream of galvanic electricity is made 
to act upon water thus confined, oxygen gas is found, at the close of 
the experiment, in the leg connected with the positive end of the 
battery, and hydrogen gas in that connected with the negative end; 
and in the proportions which, by their union, compose water. At an 
early period of the inquiry, it was found, however, by Mr, Cruick- . 

* 
* Philosophical Magazine, xi. 284* and xv. 96, 
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shank, that the water surrounding the positive wire became impreg- 
nated with a little acid ; and that around the negative wire with a 
little alkali. If instead of water we employ a metallic; solution, the 
metal is revived round the negative wire n, and no hydrogen gas is 
liberated. 

The gases constituting water, it was afterwards discovered by Sir 
H. Davy, maybe separately produced from two quantities of water, 
not immediately in contact with each other! The fact is of peculiar 
importance, from its resemblance to other more recent ones, which 
have led that distinguished philosopher to the discovery of the gene- 
ral laws of electro-chemical action. Two glass tubes (p and n 9 pi. 
ix. fig. 79), about one third of an inch diameter and four inches long, 
having each a piece of gold wire sealed hermetically into one end 
and the other end open, were filled with distilled water, and placed 
inverted in separate glasses filled, also, with that fluid. The two 
glasses, a and b f were made to communicate, either by dipping the 
fingers of the right hand into one glass, and those of the left into the 
the other, or by interposing fresh animal muscle, 6r a living vegeta- 
ble, or even moistened thread, as shown at c. The gold wires, pro- 
jecting from the sealed ends of these tubes, were then connected, the 
one with the positive, the other with the negative end of the trough. 
Gas was immediately evolved from both wires. At the close of the 
experiment, in the tube p, oxygen gas was found ; in the negative 
tube n, hydrogen. The proportions by measure were, as nearly as 
possible, those which result from the decomposition of water, viz. 
two of hydrogen to one of oxygen gas*. Now if these gases arose, 
as they necessarily must, from the decomposition of the same por- 
tion of water, that portion of water must have been contained either 
in the tube p or in the tube n. In the former case, the hydrogen gas, 
found after the process in n, must have passed invisibly from p to n 9 
through the intermediate substance c. Or, if the water waa decom- 
posed in «, then the reverse process must have happened with res- 
pect to the oxygen; and it must have been transmitted, in a like 
imperceptible manner, from n to p. Facts of this kind, evincing the 
transference of the elements of a combination, to a considerable dis- 
tance, through intervening substances, and in a form that escapes 
the cognizance of our senses, however astonishing, it will appears 
from the sequel, are sufficiently numerous and well established. 
It appears, also, from the experiments of Mr. Porrett, that water 
may be forced, contrary to its gravity, through the compact substance 
of a bladder, from the positive to the negative wire of a galvanic bat- 
tery, composed of plates only 1£ inch square t. ' 

Different chemical compounds require, for the disunion of their 
elements, galvanic arrangements of various powers and intensities. 
The decomposition of water is easily effected by a series of fifty 
pairs of plates, each one or two inches square. But for those which 
remain to be described, instruments of much greater power are ne- 
cessary. • 

* Nicholson's Journal, 4to. iv. 2T6. f Thomson's Annals* riii. 74 
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• The apparatus, employed in the masterly experiments of Sir H. 
Davy, which have laid the groundwork of tnis new field of science, 
was extremely simple. In cases, where liquid substances were ope* 
rated upon, he employed occasionally the agate cups p and n, fig. 80, 
each of which was capable of holding about sixty grains of water. 
They were connected together, as shown in the figure at a, by the 
fibres of a peculiar flexible mineral called amianthus ; and into each 
was inserted a platina wire, the bent extremity of which is seen, in 
each figure, projecting above the cup. When the vessels were in ao 
tual use, the wire of p was connected with the zinc or positive end 
of a powerful galvanic series; and that of n with the copper or nega* 
tive extremity. For the agate cups two hollow gold. cones were oc- 
casionally substituted (p and n t fig. 81), the wire projecting from p 
being connected with the positive, and that from n with the negative 
end of a trough or series of troughs. Solid bodies were submitted to 
the galvanic influence, either by immersing small pieces of them in 
the gold cones : or, at other times, by making the cups themselves, 
of the substance intended to be decomposed. Or if it was desirable 
to preserve them from contact with water, they were laid on a small 
insulated dish of platina, with the inferior surface of which, imme- 
diately under the substance used, a wire from one end of the battery 
was connected, while the substance itself was made to communicate 
by another wire, with the opposite extremity of the apparatus. 

When the sold cones were both filled with a solution of sulphate 
•f potash (a salt composed of potash and sulphuric acid), after expo* 
sure, during a sufficient time, to a powerful galvanic arrangement, 
pure potash was found in the negative cone n, and sulphuric acid in 
the positive cone p* The decomposition was even quite complete ; 
for the liquid in n contained no acid, and that in p no alkali. 

The experiment was repeated with several other neutral salts * ; 
and with the invariable result, that the acid collected in the positive 
eone, and the alkali in the negative one. Strong solutions, or those 
in which the salt bore a considerable proportion to the water, were 
more rapidly acted upon than weak ones. Metallic salts were, also, 
decomposed. The acid appeared, as before, in the positive cone, and 
the metal was deposited, sometimes with a little oxide, in the nega- 
tive one. 

Salts, which are either insoluble, or very sparingly soluble, in wa- 
ter, had their elements disunited in the following manner. Cups 
were constructed of them, precisely resembling the gold cones, 
which as the salts were hard and compact in their texture, was ea- 
sily effected. These, after being filled with water, were connected, 
by platina wires, with the opposite ends of a galvanic battery, the 
vessels themselves communicating, as before, by means of moistened 
amianthus. At the conclusion of the experiment, sulphuric acid 
(when the cups were made of sulphate of lime) was found in the 
positive cup, and lime water in the negative one. Sulphate of stron- 

* Minute directions for exhibiting the transfer of acid and alkali, by mean* 
of a power not exceeding thirty pairs of two inch plates, are given by Mr, 
Singer.' (Nicholson's Journal, »y. ir&) 
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tites, fluate of lime, and sulphate of barytes, were decomposed, 
though less easily, by the same expedient In all these cases the^ 
acid element was found at the positive side, and the earthy one at* 
the negative side', of the arrangement. 

These facts evidently point out a transference of the elements of 
combinations from one electrified vessel or surface to another differ* 
ently electrified. But the principle is made much more apparent by 
a little variation of the experiment. Thus, if solution of sulphate of 
potash be electrified in the positive cone p 9 water alone being con- 
tained in n, after a sufficient continuance of the electrical action p, 
will be found to contain diluted sulphuric acid; and the potash will 
be discovered in the water of n. The alkali must necessarily, there- 
fore, have passed, in an imperceptible form, along the connecting 
amianthus from the vessel p to the vessel n* Reversing the experi- 
ment, and filling n with solution of sulphate of potash, the alkali re- 
mains in this cone, and the acid is transferred to the opposite side 
j?« In one experiment, in which nitrate of silver was placed in the 
positive cup, and pure water in the negative one, the whole of the con- 
necting amianthus was covered with revived silver. 

In the farther prosecution of the inquiry, Sir H. Davy succeeded 
in discovering a still more extraordinary series of facts. When an 
intermediate vessel (i, tig. 82) was placed between the positive and 
negative cups p ana n, and was connected with both of them by 
moistened amianthus, it was found that acids may actually be made 
to pass from n to p, through the intermediate solution in i, without 
combining with it Thus, solution of sulphate of potash being put 
into the negative cup 7}, solution of pure ammonia into i, and pure 
water into p, in half an hour sulphuric acid was found in the water 
of the positive cup, to have reached which it must have been trans 14 
ferred from n through the intermediate solution of ammonia. Mu- 
riatic acid, also, from muriate of soda, and nitric acid from nitrate of 
potash, were transferred from the negative to the positive side through 
an interposed solution of alkali. And contrariwise, alkalies and 
metallic oxides were transmitted from the positive to the negative 
side, through intervening solutions of acids* 

It is necessary, however, that the solution, contained in the in* 
termediate vessel i, should not be capable of forming an insoluble 
compound with the substance intended to be transmitted through it. 
Thus sulphuric acid, in its passage from sulphate of potash in the 
negative cup through the vessel i containing a solution ofpure barytes* 
is detained by the barytes, and falls down in the state ofan insoluble 
compound with that earth. 

Bodies, the composition of which is considerably more complica- 
ted, are, also, decomposed by galvanic electricity. Thus from cer- 
tain minerals, containing acid and alkaline matter in only very mi- 
nute proportion, these ingredients are separately developed. Ba- 
salt, for example (a kind of stone which, in one 100 grains, contains 
only 3g grains of soda and half a grain of muriatic acid), gave, at the 
end of ten hours, evident traces of alkali round the negative, and of 
acid round the positive wire* A slip of glass, also, negatively elec* 
Vol. I.— Y 
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trifled in one of the gold cones, had soda detatched from it, and 
Sustained a loss of weight. 

It may now be. understood, why, by the agency of galvanism on wa- 
ter, alkali appears at the negative and acid at the positive wire. The 
fact was, for some time, not a little perplexing to Sir H. Davy ; till, 
at length, he ascertained that all water, however carefully distilled, 
contains neutral salts in a state of solution. From these impurities, 
the alkaline and acid elements are separated, agreeably to a law which 
has already been explained. In the same way, also, the muriatic 
acid and alkali are accounted for, which some chemists have obtain- 
ed by galvanizing what was before considered as pure water ; a fact 
whicn has been urged in proof of the synthetical production of both 
those bodies. Absolutely pure water, it has been demonstrated by 
Sir H. Davy, yields nothing but hydrogen and oxygen gases. 

All the effects of galvanic arrangements, in producing chemical 
decompositions, it has been found, may be obtained by ordinary elec- 
tricity. Its adaptation to the purpose was first successfully attempted 
by Dr. Wollaston*. The appratus, which he employed, was simi- 
lar to that already represented (fig. 77, a), excepting that the wires, 
instead of being exposed to the fluid, contained in the tube, through- 
out their whole length, were covered with wax, and the points only 
were laid bare. Or (what was found to answer still better) the wires 
were inclosed in capillary tubes, which were sealed at their extremi- 
ties, and then ground away, till the points alone were exposed. The 
conducting wires, thus arranged, were then introduced into a tube, 
or other vessel containing the liquid to be operated on, and were con- 
nected, the one with the positive, the other with the negative, con- 
ductor of an electrical machine, disposed for positive and negative 
electricityt. When solution of sulphate of copper was thus electri- 
zed, the metal was revived round tne negative pole. On reversing 
the apparatus, the copper was re-dissolved, and appeared again at 
the other wire, now rendered negative* 

When gold wires from 7 $ 9 to -r^ of an inch in diameter, thus 
inclosed, were made to transmit electricity, a succession of sparks 
afforded a current of gas from water. When a solution of gold in 
nitro-muriatic acid was passed through the capillary tube; the tube 
then heated to drive off the acid; and afterwards melted and drawn 
out, it was found that the mere current of electricity, without sparks, 
envoi ved gas from water. 

Sir H. Davy has since proved that by a similar apparatus, solution 
of sulphate is decomposed, potash appearing at the negative, and sol* 
phuric acid at the positive pole}. 

• Philosophical Transactions, 1801. 

f See Cuthbertson's Practical Electricity, 

4 Philosophical Transactions, 1906, 
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SECTION IV. 

Theory of the Changes produced by Galvanic Electricity. 

A fact of considerable importance in explaining the phenomena 
that form the subject of the last section was discovered several years 
ago by Mr Bennett, and has since been confirmed by the experiments 
of Volta and Davy. Different bodies, it is found acquire, when 
brought into contact either by the whole surfaces or by a single point, 
different states with respect to their quantities of electricity. The 
best method of performing the experiment is to take two discs or 
plates, the one of copper, the other of zinc, each about four inches 
diameter, and furnished with an insulating glass handle ; to apply 
them for an instant to each other by their fiat faces ; and afterwards, 
to bring them separately into contact with the insulated plate of die 
condensing electrometer. The instrument indicates, by the diver- 
gence of its gold leaves, the electricity acquired by each of the 
plates, which in the zinc plate is shown to be positive, in the copper 
plate negative*. > 

It had been established, also, by Sir H. Davy, in 1801, that when 
a galvanic arrangement oithe second kind is constructed, by alterna- 
ting metallic plates with strata of different fluids, alkaline solutions 
always receive electricity from the metal, and acids on the contrary 
transmit it to the metal. When an arrangement, for example, is 
made of water, tin, and solution of potash, trie current of electricity 
is from the tin to the alkali. But, in an arrangement of nitric acid, 
tin, and water, the circulation of electricity is from the acid to the 
tin. If then the alkali, after having acquired electricity fom the 
metal, could be suddenly separated from the combination, there can 
be no doubt that it would be found in a positive state. For the con- 
trary reason, the acid having given electricity to the metal, must, if 
it could be detached, be found negative. 

Still more satisfactory evidence has been since obtained of the elec- 
trical state of the acids and alkalies, by examining what kind of elec- 
tricity they impart to an insulated metallic plate. Various dry acids, 
being touched on an extensive surface by a plate of copper insulated 
by a glass handle, the copper was found alter contact to have be- 
come positively electrified, and the acid negatively. On the con- 
trary, making the experiments with dry earths in a similar manner, 
the metal became negative. The alkalies gave less distinct results, 
owing to their attraction for moisture. Bodies, moreover, possessing 
opposite electrical energies towards one and the : same body, are 
found to possess them with regard to each other. Thus when lime 
and oxalic acid were brought into contact, the earth was found to be 
positive, and the acid negative. Sulphur appears to be in the positive 

* Volta, in Nicholson's Journal, 8ro. i» 136. Wilkinson, ii. 40, 50, 131, 
Cuthbertson, 267. 
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state. Oxygen, judging from those compounds in which it is loosely 
combined, is negative ; and hydrogen, by the same test, positive. 

Now, if the common laws of electrical attraction and repulsion 
operate, as there is every reason to believe they must, among bodies 
so constituted, it will follow that hydrogen, the alkalies, metals, and 
oxides, being positively electrified, will be repelled by surfaces 
which are in the same state of electricity as themselves, and will be 
attracted by surfaces that are negatively electrified. And, contrari- 
wise, oxygen, and the acids (in consequence of the oxygen they con- 
tain), being in a negative state, will be attracted by positive surfa- 
ces and repelled by negative ones. 

To apply this theory to the simplest possible case, the decompo- 
sition of water, the hygrogen of this compound, being itself positive* 
ly electrified, is repelled by the positive wire and attracted by the 
negative one ; while, on the contrary, oxygen, being negative, is re* 
pel led by the negative wire, and attracted by the positive one. The 
flame of a candle, which consists chiefly of ignited charcoal, when 

I)laced between a positive and negative Surface, bends towards the 
atter; but the flame of phosphorus, consisting chiefly of acid matter, 
when similarly placed ,jtakes a direction towards the positive surface. 
In the case of neutral salts, the negative acid is attracted by the posi- 
tive Wire ; and the positively electrified alkali by the negative wire. 

Thus then a power has been discovered, superior in its energy to 
chemical affinity, and capable either of counteracting it, or of mo- 
difying it according to circumstances. The chemical attraction be- 
tween two bodies may be destroyed, by giving one of them an elec- 
tric, state opposite to its natural one ; or the tendency to union may 
be increased, by exalting the natural electric energies. 

All bodies, indeed, that combine chemically, so far as they have 
hitherto been examined, have been found to possess opposite states 
of electricity. Thus copper and zinc are in opposite states to each 
other; so are gold and mercury; sulphur and metals, acids and al- 
kalies. By bringing two bodies into the same electrical state, which 
were before capable of union, we destroy their tendency to combina- 
tion. Thus zinc or iron, when negatively electrified, will not unite with 
oxygen. Even after combination, it is thought by Sir H. Davy, not 
improbable, that bodies may still retain their peculiar states of elec- 
tricity. If oxygen prevail, in any compound, over the combustible or 
positive base, the compound is negative, as in certain metallic oxides, 
but the combustible ingredient may be in such proportion, as to pre- 
dominate, and to give to the compound a positive energy. When 
precipe neutralization is attained, bodies that had before exhibited 
electrical effects are deprived of this property. 

It is an interesting question, but one which can scarcely be de- 
termined in the present state of the science, whether the power of 
electrical attraction and repulsion be identical, as Sir H. Davy has 
suggested, with chemical affinity, or whether it may not rather be 
considered, like caloric, as a distinct -force, which only modifies that 
of chemical attraction,. On the former hypothesis, two bodies, • 
which are naturally in opposite electrical, states, may have these 
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state* sufficiently exalted, to give them an attractive force superior 
to the cohesive affinity opposed to their unjon : and a combination 
will take place, which will be more or less energetic, as the opposed 
forces are more or less equally balanced. Again, when two bodies, 
repellent of each other, act upon a third with different degrees of 
the same electrical energy, the combination will be determined by 
the degree. Or, if bodies, having different decrees of the same eeci- 
trical energy with respect to a third, have likewise different ener- 
gies with respect to each other, there may be such a balance of at- 
tracting and repelling forces as to produce a triple compound. 

This hypothesis, it is remarked by Sir H. Davy, agrees extremely 
well with the influence of mass, which has been so well illustrated 
by Berthollet ; for many particles, acting feebly, may be equal in 
effect to fewer acting more powerfully. Nor is it at all contradic- 
tory to the observed influence of caloric over chemical union ; for 
an increase of temperature, while it gives greater freedom of motion 
to the particles of bodies, exalts all their electrical energies. This 
Sir H. Davy ascertained with respect to an insulated plate of cop- 
per and another of sulphur, when heated below 212° Fahrenheit; 
and at a still higher temperature these bodies, as is well known, com- 
bine with the extrication of heat and light, and the usual accompani- 
ments of intense chemical action. 

On the supposition that electricity is a force which only modifies 
the action of chemical affinity, we may regard it, when it promotes 
combination, as producing this effect by counteracting cohesive at- 
traction. When it impedes combinations, or destroys those which 
are already formed, it probably acts as a force co-operating with 
elasticity. 



SECTION V. 

Theory of the Action of the Galvanic Pile. 

Two theories have been framed to account for the phenomena 
of the Galvanic Pile, and of all similar arrangements. The first; 
originating with Volta, was suggested by the fact, which may be con- 
sidered, indeed, as fundamental to it— that electricity is excited by 
the mere contact of different metals. When a plate of copper ana 
another of zinc are made to touch by their flat surfaces, as was stated 
in the last section, the zinc, after separation, exhibits positive elec- 
tricity, and the copper negative. It is natural, therefore, to conclude 
that a certain quantity of electricity has moved from the copper to 
the zinc. On trying other metals, Volta found that similar pheno- 
mena take place ; and by a series of experiments he was led to ar- 
range the powers in the following order, it being understood that the 
first gives, up its electricity to the second; the second to the third ; 
Ike third to the fourth, and so on. 
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Silver. 

Copper. 

Iron. 

Tin. 

Lead, 

Zinc. 

The metals, then, have been denominated by Volta, from this 
property, motors of electricity ; and the process, which takes place, 
electro-motion, a term since sanctioned by the adoption of it by Sir 
H. Davy. 

It is on this tranference of electricity from one body to another 
by simple contact, that Volta explains the action of the instrument 
discovered by himself, and of all similar arrangements. The iter- 
posed fluids, on his hypothesis, have no effect as chemical agents in 
producing the phenomena, and act entirely as conductors of electri- 
city. Without disputing, however, the accuracy or value of the facts 
which suggested his theory, it is sufficient for its refutation that it is 
irreconcileable with other phenomena ; and especially with the obser- 
vation, that the chemical agency of the liquids, on the more oxidi- 
zable metal of galvanic arrangements, is essential to their sustained 
activity. It has been proved, indeed, that the phenomena begin and • 
terminate with the oxidation ; and that the energy of the pile bears 
a pretty accurate proportion to the rapidity of the process. Hence 
it seems, on first view, an obvious inference, that the oxidation of the 
metal is the prinlary cause of the evolution of electricity in galvan- 
ic arrangements. It has been proved, however, that it is not neces- 
sary to the excitement of electricity, that the amalgam should be 
oxidated; for the machine continues to act when inclosed in hydro- 
gen gas or carbonic acid'; and the electric column of M. de. Luc is 
composed of dry substances. Even in this instrument, the oxida- 
' tion of the metals appears to be essential to its activity, for when 
the column is hermetically confined in a given portion of air, the 
phenomena' cease in time, in consequence of the loss of its oxygen. 
But though the chemical agency of the fluids which are employed 
is now admitted, on all hands, to be essential to the excitement of 
this kind of electiricty, yet is by no means universally agreed that 
we are to consider it as the first in the order of phenomena. It has 
been suggested by Sir A. Davy, as a correction of the theory of Volta, 
that the electro-motion occasioned by the contact of metals, is the 
primary cause of the chemical changes ; and that the changes are 
m no other way efficient, than as they restore the electric equilibri- 
um. To explain this, let us suppose that in any three paiVs or plates 
of a galvanic trough, the zinc plates % 1, % 2, z 3, (fig. 78), are in 
the state of positive, and the copper plates c 1, c%c 3, in that of 
negative electricity. The liquid, in any cell after the first, will be 
in contact, on the one side, with positively electrified zinc, and on the 
other with negatively electrified copper. And if the elements com- 
posing the fluid be themselves in different states of electricity, the 
negatively electrified elements will be attracted by the zinc, and the 
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positively electrified element by the copper. Thus when solution 
of muriate of soda in water is the fluid, the oxygen and the acid 
will pass 1o the zinc or positive plate,- and the alkali to the copper 
one ; while the hydrogen, having no affinity for copper 1 , escapes. The 
electric equilibrium will be restored, but only for a moment; for, as 
the interposed fluid is but a very imperfect conductor of electricity, 
the zinc and .copper plates will, by their electromotive power, again 
assume their states of opposite electricity; and these changes will 
go on, as long as any muriate of soda remains undecomposed. In a 
Voltaic arrangement, therefore, the electrical energies of the metals 
with respect to each other, or to the substances disolved in water, 
are the causes disturbing the equilibrium ; and the chemical changes 
are the causes that restore it 

No theory of the galvanic pile, however, can be considered as 
complete, that does not account for the accumulation of electricity 
at the zinc end of the apparatus. On the theory that the oxidation 
of the zinc is the source of the evolved electricity, the fact has been 
ingeniously explained by Dr. Bostock. He takes it for granted that 
the electric fluid has an affinity for hydrogen ; and supposes that 
the electricity, evolved at the surface of the first zinc plate, is 
carried, united to hydrogen, through the fluid of the cell to the op- 
posite copperplate. Here the hydrogen and electricity separate; 
the former flies off in the state of gas, and the latter passes out- 
wards to the next zinc plate. Being in some degree accumulated 
in this plate, it is disengaged by the action of the fluid in a more con- 
centrated state than before. And in the same manner, by multiply- 
ing the number of pairs, it may be made to exit, in the zinc end of 
the pile, in any assignable degree of intensity. 

On this theory, the electricity evolve is actually generated by the 
chemical action of the interposed fluids on every zinc plate of the 
series ; and its accumulation is the aggregate of what is thus evolved. 
The concentration, which takes place at the zinc end of the ar- 
rangement admits, however, of being explained by the hypothesis 
of Volta, especially as modified by Sir H. Davy. Taking the first 
cell as an example, the fluid interposed between the positive zinc 

Slate z 1, fig. 78, and negative copper plate c 2, being itself a coa- 
uctor of electricity, must in time produce an equilibrium between 
these two plates ; but this can only be done b£ the passage of a 
certain Quantity of electricity across the fluid. The absolute quan- 
tity of electricity will, therefore, be diminished in the first pair, and 
increased in the second. In like manner, the second zmc plate 
will give up part of its electricity to the third copper plate, and the 
second pair of plates will be deprived of part of its electricity. The 
electricity, thus lost by the second pair, it will regain from the first 
pair of plates. By multiplying, in this way, the number of plates, 
every successive pair, as we advance in the series, has a tendency to 
dimish the quantity of electricity in the first ; and to have its own 
State of electricity proportionally exalted. 

When a communication is made between two extremities of a 
series, for example between « s or its contiguous cell, and c 1 , the 
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opposite electricities tend to an equilibrium. The third pair gives 
up a share of its electricity to the first ; and the intermediate pair, 
being placed between equal forces, remains in equilibrio. Hence, in 
every galvanic arrangement, there is a pair of plates at the centre, 
which is in its natural state of electricity. The effect of such a 
communication must necessarily be to reduce the pile to a state of 
inactivity, if there did not still exist some cause sufficient to destroy 
the equilibrium. On the .hypothesis of Volta, this can be nothing 
else than the property of electro-motion in the metals, which origi- 
nally produced its disturbance. 

Such are the hypotheses that have been framed to explain the 
phenomena of the Voltaic pile. In the present state of the' science, 
neither of them is entitled to be received as altogether satisfactory ; 
and 1 have stated them rather with the view of exciting than of satis* 
fying inquiry*. On the theory of galvanic electricity, it only re- 
mains to point out its difference from the electricity developed by 
ordinary processes ; and to explain the different effects, which are 
produced by varying the size ot the plates in galvanic arrangements* 

Though the identity of common and galvanic electricity appears 
to be sufficiently established, yet in some of their phenomena, which 
have already been described, there is a considerable difference. To 
explain these, it was long ago suggested by Mr. Nicholsont, that the 
electricity, excited by the common machine, is developed in much 
smaller quantity, but in a higher state of concentration or intensity 
than the electricity of galvanism. Hence, its velocity is much more 
rapid ; and hence it readily passes through plates of air and other 
non-conductors, that are scarcely permeable by galvanic electricity. 
By virtue of the same property it disperses the metals in the form 
or smoke ; while the utmost effect of a Voltaic arrangement is to melt 
them into globules. By doubling the quantity of galvanic electricity, 
also, we ignite only a double length of metallic wire, and the ignition 
is more permanent ; but the intensity of common electricity is such, 
•that by doubling its quantity we ignite four times the length of wire, 
and the effect is little more than momentary J, 

The comparative quantities of electricity evolved by the common 
machine and by a Voltaic apparatus, have been made a subject of 
calculation by Mr. Nicholson. A pile consisting of 100 half crowns, 
with the same number of pieces of zinc, produces, he found, 2Q0 
times more electricity than can be obtained, in an equal time, from 
a 24 inch plate machine in constant action. Van Marum has, also, 
observed that a single contact of a Leyden jar or battery with a Vol- 

* The reader, who wishes to pursue the subject, may consult an essay by 
the author, in Nicholson's Journal, xxxv. 259; M. De Luc's papers, xxxii. 
271, and xxxvi. 97 ; Mr: Singer on the Electrical Column, xxxvi. 373, and 
his work on Galvanic Electricity ; Dr. Rostock's Essay in Thomson's Annals, 
iii. 32 ; Sir H. Davy's chapter on Electrical Attraction and Repulsion, in his 
Elements of Chim. Philos, p, 125, and the 1st, vol. of Gay Lussac and 
Thenard's Recherches. 

f See his Journal, 4to. iv. 244. $ Cuthbertson, p. 278* 
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taic pile charges it to the same degree, as six contacts with the 
prime conductor of a powerful machine. 

It might naturally be expected that a proportion would be observed 
between the quantity of surface composing galvanic arrangements* 
and their power of action ; and such, with some limitation, is the fact. 
With plates of the same size, the effect, generally speaking, is pro- 
portional to the number. But by enlarging the size, without increas* 
mg the number, neither the shock nor the power of decomposing 
water and other imperfect conductors, is proportionally increased. 
A remarkable proof of this is, that Mr. Children's great battery of 
20 double plates, 4 feet hy 2, had no more effect on the human body, 
or in' decomposing water, than a battery containing the same num- 
ber of small plates. On the contrary, to obtain a great increase of 
effect in the combustion of metals, it is necessary to enlarge con* 
fiiderably the size of the plates. Thus 100 plates of four inches 
square produce, in this way, an incomparably greater effect, than 
the same surface divided into four times the number. 

The. effect of multiplying the number of plates, it has already been 
observed, is, that we obtain electricity of a higher intensity, and it 
was supposed by Volta* that the proportion is, as nearly as can be 
judged, an arithmetical one. If, for example, we have a certain in- 
tensity with SO pairs, it should be doubled by 40, trebled by 60, and 
so on. It has been shown, however, by Sir H. Davyt, that by increas- 
ing the number of plates, the quantity of gas, evolved from water, 
were nearly as the squares of the numbers. By a sufficient increase, 
the most astonishing effects may be produced. Thus the combination 
belonging to the Royal Institution, which contains 2000 double 
plates, each having a surface of 32 square inches, when in action, 
melts platinum, as easily as wax is melted by a candle, and fuses 
quartz, the 6apphire, lime, and magnesia. By enlarging the ske, 
without increasing the number, it has also been shown that we gain* 
not in intensity, which remains exactly the same, but in quantity. 
Now, for the combustion of metals what we principally want is ft 
large quantity of electricity ; for as they are perfect conductors, it 
finds a ready passage through them even when of low intensity. 
On the contrary, to find its way through fluids and other imperfect con- 
ductors, it must be evolved in a high state of concentration. The facts, 
therefore, accord sufficiently well with the explanation, to entitle it 
to be received as a probable hypothesis. 

* Nicholson's Journal, 8vo. i. 139. 
f Elements of Chem. Philos. p. 155. 
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CHAPTER VIII. 

• ALKALIES. 

The alkalies, in their pure state, are the products of chemical 
operations, which will be described in the sequel. They are dis- 
tinguished by the following 

General Qualities. 

The properties, common to all the alkalies, maybe shown by those 
of a solution of pure potash. 

(a) The alkalies change vegetable blue colours, as that of an in- 
fusion of violets to green. 

(b) They have an acrid and peculiar taste. 

' (c) They serve as the iu termed ia between oils and water. 

(d) They corrode woollen cloth ; and, if the solution be sufficiently 
strong, reduce it to the form of a jelly. 

(c) They are readily soluble in water. 

(/) The fixed alkalies unite with water, and form solid hydrates. 



SECTION I. 

Pure Potash and pure Soda* 
Art. I.— Their Preparation and General qualities. 

To prepare pure potash, dissolve any quantity of American or 
Dantzic pearlash in twice its weight of boiling water, and add the 
solution, while hot, to an equal weight of fresh quicklime, slaked 
with six times its weight of hot water. Boil the mixture in an iron 
kettle, and continue stirring during half an hour. Then separate the 
liquid alkali, either by filtering through calico or by subsidence ; and 
boil it to dryness in a silver dish. Pour, on the dry mass, as much 
pure alcohol as is required to dissolve it ; put the solution into a bot- 
tle, and let the insoluble part settle to the Ibottom. Then decant the 
alcoholic solution of potash ; and distil off the alcohol in an alembic* 
of pure silver, furnished with a glass head. Pour the alkali, when in 
fusion, upon a silver dish, and, when cold, break it into pieces, and 
preserve it in a well-stopped bottle. If the distillation of the alcohol 
be not carried so far the alkali will shoot, on cooling, into regular 
crystals, containing 5$ per cent, of water. 

From the electro-chemical researches of Sir H. Davy, itappears 
that potash is not completely deprived of carbonic acid, by any pro* 



* The figure of an alembic maybe seen in pi. i. fig 1 
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cess hitherto employed for its preparation *. probably the method 
suggested by Darcet, of removing the last portions of carbonic acid 
from an alkaline liquor by solution of barytes, after the full action of 
lime, would be found effectual. 

In the same mode may pure soda be prepared, substituting the 
carbonate of soda for the pearlash. 

These alkalies have the following properties : 

(a) They powerfully attract moisture from the atmosphere, or 
deliquiate. 

(b) They readily dissolve in water, and produce heat during their 
solution; if the fused alkalies.be employed; but the crystallized al- 
kalies generate cold, when dissolved. x 

(c) They are not volatilized by a moderate heat, and hence have 
been called fixed alkalies. 

(d) AVhen melted with silex, in proper proportions and by a suffi- 
cient heat, they form glass. 

Hydrated Alkalies. 

It is necessary to observe that the alkalies, even after being kept 
some time in fusion, contain a quantity of water in the state of com- 
bination ; in other words, are hydrates. This discovery appears to 
be due to Darcet,- who has established his claim very satisfactorilyt. 
Various proportions of water and alkali have been assigned to these 
compounds. Berthollet, in the 2d vol. of the Memoires d'Jlrcueil, 
states that 100 parts of solid potash contain IS \ parts of water ; but 
Sir H. Davyf has raised it as high as from 17 to 19 per cent. ; and 
Gay Lussac and Thenard allow about one fifth of water in solid pot- 
ash. One possible source of fallacy is, that if the alkali contain soda, 
the proportion of water will appear too great ; because that alkali 
combines with more water than potash. If, as Mr. Dal ton suspects, 
the hydrate of potash be a compound of 1 atom of potash + 1 atom 
of water, its atom should weigh 56.5 ; and it ought to be composed of 

\ * 

84.9 potash > 
15.1 water 5 




100 100 

And it is remarkable, that according to the theoretical view of Ber- 
zelius, potash, to become a hydrate, requires a quantity of water 
containing precisely as much oxygen as exists in the alkali united 
with potassium; that is, 100 parts of the hydrate should contain 
16,15 of water§. 

There is also considerable difference in the statements respecting 
Hydrate of Soda. Berard makes it contain 18.86 per cent, of wa- 

* Philosophical Transactions, 1808, p. 355. 

f 71 Ann - de Cnim - P« 202 » 

± Elements, p. 326. § 82 Ann. de Chim. p; 11. 
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tcr ; Darcet 28 ; and Sir H. Davy from 23 to 25*. If the atom of 
sdda weigh, as Mr. Dal ten supposes, 28, and if the hydrate consist 
of 1 atom of soda + I atom of water, the atom of hydrate of soda 
should weigh 36.5, and the hydrate should be composed of 

76.7 soda v 
23.3 water 



100. 



» 

In these instances, the theoretical view, and the best practical result, 
confirm each other. 

It is often of importance to know the quantity of real alkali, con- 
tained in solutions of different specific gravities. The following ta- 
bles have been constructed by Mr. Dal ton from his own experiments, 
cond ted with great attention to accuracy. 

1. Table of the Quantity of Real Potash in watery Solutions of dif- 
ferent Specific Gravities, 



Atoms of 
Potash 
Water. 


Potash 
per cent, 
by weight. 


Potash 

per cent. 

by measure. 


Specific 
Gravity. 


Congealing 
point. 


Bailing . 
point 


1+0 


100 


240 


2.4 


unknown. 


unknown* 


1 + 1 


84 


185 


2.2 


1000° 


red heat 


1 + 2 


72.4 


145 


2.0 


500° 


600° 


1 + 3 


63.6 


119 


1.88 


340° 


420° 


1+4 


56.8 


.101 


1.78 


220° 


360° 


1 + 5 


51.2 


86 


1.68 


150° 


320° 


1 + 6 


46.7 


75 


1.60 


100° 


290° 


1 + 7 


42.9 


65 


1.52 


70° 


276° 


1 + 8 


S9.6 


58 


1.47 


50° 


265° 


1 + 9 


3&8 


53 


1.44 


40° 


255° 


1 +10 


34.4 


49 


1.42 


t 


246° 




32.4 


45 


1.39 




240° 


i 


29.4 


40 


1.36 




234° 




26.3 


35 


1.33 


' V 


229° 




23.4 


30 


1.28 




-224° 




19.5 


25 


1.23 




220° 




16.2 


20 


1.19 




218°. " 




13 


15 


1.15 


1 


215° 


• 


9w5 


10 


l.tl 


' 


214° 




4.7 


5 


1.06 




213° 
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% Table of the Quantity of Real Soda in watery Solutions of dif- 
ferent Specific Gravities. 



Atoms of 

Soda 

Water. 


Soda 
per cent, by 
weight 


Soda 
per cent.. by 
measure. 


Specific 

Gravity. 


Congealing 
point. 


Boiling 
point. 


1 + 


100 


230? 


£.30? 


lOOOo 


unknown 


1 + 1 


77.8 


156 


2. 


500<> 


red hot. 


1 + 2 


63.6 


118 


1.85 


250° 


600° 


1 + 3 


53.8 


93 


1.72 


150° 


400° 


1+4 


46.6 


76 


1.63 


80° 


300° 


1+5 


41.2 


64 


1.56 




280° 


1 + 6 


36.8 


55 


1.50 




265* 




34 


50 


1.47 




255* 




31 


45 


1.44 




248° . 




89 


40 


1.40 




242° 




26 


35 


1.36 




235° 




23 


30 


1.32 




228° 




19 


25 


1.29 




224° 




16 


20 


1,23 




220? 




13 


15 


1.18 




217° 




9 


10 


1.12 




214° 




4.7 


5 


1.06 




213° 



Art. 2.— Analysis of the two fixed Alkalies. 

Though it had long been conjectured* that the fixed alkalies are 
not simple or elementary bodies, yet no distinct evidence had been 
obtained of their nature* until, in tne year 1807, it was furnished bj 
the' splendid discoveries of Sir EL Davy. From the facts which have 
been stated in a former section respecting the powers of electrical de* 
composition, it appeared to that philosopher a natural inference, that 
the same powers, applied in a state of the highest possible intensity, 
might disunite the elements of some bodies, which had resisted all 
other instruments of analysis. If potash, for example, were an oxide, 
composed of oxygen united to an inflammable base, it seemed to him 
probable, that when subjected to the action of opposite electricities, the 
oxygen would be attracted by the positive wire and repelled by the 
negative. At the same time, the reverse process might be expected 
to take place with respect to the combustible base, the appearance of 
which might be looked for at the negative pole. 

In his first experiments. Sir H. Davy tailed to effect the decom- 
position of potash, owing to his employing the alkali in a state of 
aqueous solution, and to the consequent expenditure of the electri- 
cal energy in the mere decomposition of water. In his next trials, 
the alkali was liquified by heat in a platinum dish, the outer surface 
of which immediately under the alkali, was connected with the zinc 

* Sec Philosophical Magazine, xxxii, 18, 62. 
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or positive end of a battery consisting of 100 pairs of plates each 
6i x inches square. In this state the potash was touched with a pla- 
tinum wire proceeding from the copper or negative end of the bat- 
tery ; when instantly a most intense light was exhibited at the nega- 
tive wire, and a column of flame arose from the point of contact, evi- 
dently owing to the development of combustible matter. The re- 
sults of the experiment could not, however, be collected, but were 
consumed immediately on being formed. 

The chief difficulty in subjecting potash to electrical action is, that 
in a perfectly dry state it is a complete non-conductor of electricity. 
When rendered, however, in the least degree moist by breathing on 
it, it readily undergoes fusion and decomposition, by the application 
of strong electrical powers. For this purpose, apiece or potash, 
weighing from 60 to 70 grains, may be placed on a small insulated 
plate of platinum, and may be connected, in the way already des- 
cribed, with the opposite end of a powerful electrical battery, con- 
taining not less than 100 pairs of six inch plates. On establishing 
the connexion, the potash will fuse at both places where it is in con- 
tact with the platinum. A violent effervescence will be seen at the 
upper surface, arising, as Sir H. Davy has ascertained, from the es- 
cape of oxygen gas. At the lower or negative surface, no gas will 
be liberated; but small bubbles will appear, having a high metallic 
lustre, and being precisely similar in visible characters to Quicksil- 
ver. Some of these globules burn with an explosion anu bright 
flame ; while others are merely tarnished, and are protected from 
farther change by a white film, which fornts on their surface*. 

This production of metallic globules is entirely independent of 
the action of the atmosphere; for Sir.H. Davy finds that they may 
be produced in vacuo. 

Pure soda gives similar results; but its decomposition demands a 
greater intensity of action. The quantity of soda should not exceed 
~15 or 20 grains : and the distance between the platina surfaces must 
be reduced from J to J or T ^ of an inch. The metal from soda does 
not, like that from potash, continue fluid at the temperature of the 
atmosphere ; but speedily becomes solid, and bears a considerable 
resemblance to silver. When the electrical power is much increased, 
globules of the metal fly with great velocity through the air, in a 
state of vivid combustion, producing beautiful jets offire. 

To preserve these new substances, it is necessary to immerse 
them immediately in pure naphtha, a fluid which will be described in 
a subsequent part of the work. If they are exposed to the atmos- 
phere, they are rapidly converted back again into the state of pure 
potash or pure socfa. To prevent their oxidation still more effectu- 
ally, Mr. Pepys has proposed to produce them under naphtha; and 
has contrived an ingenious apparatus for this purpose, which is de- 
scribed in the 31st volume of the Philosophical Magazine, page 241. 

When the globules, obtained either from potash or soda, are ex- 

* For the repetition of this experiment, very useful practical directions may' 
be found in a paper by Mr. Singer — Nicholson's Journal, xxiv, 174. 
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posed to the action of air over mercury in graduated glass tubes, an 
absorption of oxygen happens ;and a crust of alkali is formed on the 
surface, which defends the interior from farther charge. When heat 
is applied to the globules similarly confined, a rapid combustion en- 
sues, attended with a brilliant white flame. The globules are found, 
after the experiment, converted into a white substance ; which is 
potash when we have used those from potash, and soda when the 
globules from soda have been employed. In this p'rocess, oxygen is 
absorbed, and the weight of the alkali produced is found to exceed 
that of the globules consumed. 

When either of these substances is thrown into water, a rapid dis- 
engagement of hydrogen gas takes place; and the oxygen of the 
water, uniting with the globules, regenerates alkali. 

Nothing then can be more satisfactory than the evidence, furnish- 
ed by these experiments, of the nature of the fixed alkalies. By the 
powerful agency of opposite electricities, each of them is resolved 
into oxygen and a peculiar base*. This base, like other combustible 
bodies, is repelled by positively electrified surfaces, and attracted by 
negative ones ; and hence its own natural state of electricity must 
necessarily be positive. Again, by uniting.with oxygen, these bases 
are once more changed into alkali, either slowly at ordinary tempera- 
tures ; or with heat and light, if their temperatures be raised. We 
have evidence, therefore, both of analysis and synthesis, that each 
of the fixed alkalies is a compound of oxygen with a peculiar inflam- 
mable basis. 

But in what class of combustible bodies are we to arrange the al- 
kaline bases ? Some properties, common to both, have influenced Sir 
H. Davy to place them among the metals, with which they agree in 
opacity, lustre, malleability, conducting powers as to heat and elec- 
tricity, and in their qualities of chemical combination. The only 
property, which can be urged against this arrangement, is their ex- 
treme levity, which even exceeds that of water. But when we com- 
pare the differences which exist among the metals themselves, this 
will scarcely be considered as a valid objection. Tellurium, for ex? 
ample, which no chemist hesitates to consider as a metal, is only 
about six times heavier than the base of soda, while it js four times 
lighter than platinum ; thus forming a sort of link between the old 
metals and the bases of the alkalies. 

In giving names to the alkaline bases, Sir H. Davy has adopted 
that termination, which, by common consent; has been applied to 
other newly discovered metals, and which, though originally Latin, 
is now naturalized in our language. The base of potash he has cal- 
led potassium, and the base of soda sodium ; and these names have 
met with universal acceptation among chemical philosophers. 

It is not, however, by electrical means only that the decomposition 
of the fixed alkalies has been accomplished. Soon after Sir H. Da- 
vy's discoveries were known at- Paris, Messrs. Gay, Lussac, and 

* The proportions of oxygen and base in eaen will be found at the end of 
the articles Potassium and Sodium, 
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Thenard* succeeded in their attempts to decompose both the fixed 
alkalies, without the aid of a Voltaic apparatus, and merely by the 
intervention of chemical affinities. Their process, though it affords 
the alkaline bases of less purity, yields them in much larger quantity 
than the electrical analysis, viz. to the amount of nearly 400 grains 
by one operation. It consists in bringing the alkalies into contact 
with intensely heated iron, which, at this temperature, attracts oxy- 
gen more strongly than the alkaline base retains it. 

The apparatus, used for obtaining potassium, differs very little 
from that which is commonly employed to decompose water by means 
of iron t. It consists of a common gun-barrel curved and drawn out, 
at one end, to rather a smaller diameter, as represented in the 9th 
plate, fig. 83, c. To one end is adapted an iron tube a, of the capa* 
city of two cubic inches, for containing the potash. At the bottom 
of this tube is a small hole through which the potash gradually flows. 
To the opposite end of the gun-barrel a tube of safety e is to be ce- 
mented ; and into this a sufficient quantity poured, either of mercury 
or naphtha. Into the gun-barrel, 2§ parts of very clean iron tur- 
nings are to be introduced, and pushed on to the bent part c. The 
tube, carefully luted, is then to be placed in a small furnace nine or 
ten inches in diameter, and provided with a pair of double blast bel- 
lows, the pipe from which is shown at /. The next step is to insert 
the tube a in its place, after having put into it 1 j parts of pure pot- 
ash, deprived of as much water as possible by previous fusion. The 
whole apparatus should be perfectly dry, clean, and impervious to 
air. 

A strong heat is now to be excited in the furnace rf; and while 
this is doing, the tube containing the potash, as well as the opposite 
end of the barrel, should be kept cool by ice. When the barrel has 
attained a white heat, the potash in a may be melted by a small por- 
table furnace. It will then flow, through the small hole, upon the 
iron turnings. A considerable quantity of hydrogen gas will be 
evolved by the decomposition of that portion of water, which the 
potash retains even after fusion, and which has been shown to exceed 
13 per cent. When the production of this gas slackens, we may 
remove the small furnace from beneath the tube a, and increase the. 
heat in the furnace d> in order to restore to the iron turnings at c the 
temperature proper for decomposing more potash* These operations 
may be repeated, alternately, till no more gas is produced ; but last 
•f all, the heat in the furnace should be strongly raised, in order to 
drive off some of the potassium, which strongly adheres to the iron 
turnings. 

• Annates de Chimie, Ixv. 325 ; or Memoirea de Arcueil, ii. 299. 

f Hachette, in Philosophical Magazine, kzziL 89 ; and Mr. E. Davy, ditto, 
page 276. Ample details respecting the preparation of potassium are, also, 
given in the first volume of Gay Lussac and Thenard's Physico-Chimiques, 
and a simple and ingenious apparatus for procuring this metal, is described; 
by Mr. Tennant in the Phil Trans, for 1814. See also Mr. Brande's direc- 
tions in the Supplement now publishing to the Encydop. Britah. iii. 36. 
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When the furnace is quite*cold, the safety tube e is to be removed, 
and its place supplied by an iron plug. If the end of the gun-bar- 
rel, projecting from this side of the furnace, has been kept carefully 
cooled during the experiment, the metal will be found adhering to it, 
in the form of brilliant lamina. In order to extract it, the gun-bar- 
rel is to be cut at the commencement of the part which has been 
kept cool, where the greatest quantity will be found. Another por- 
tion will be foun4 close to the plug, and this adheres so slightly to 
the gun-barrel, that the least effort serves to detach it. It is, even 
partly oxidized -by the air, which gains access during the cooling of 
the furnace ; and when the whole is covered with naphtha, the oxi- 
dized part is detached in laminae, exposing a white and brilliant 
metallic surface. 

The potassium, which is condensed nearest the furnace, must be 
detached by a sharp chisel, and in the largest pieces we can possibly 
break off; tor if it be in small molecules, it inflames the air, even at 
very low temperatures. In the middle of the gun-barrel we shall 
find an amalgam of potassium and iron, which becomes green on ex- 
posure to the air, the potassium returning to the state of potash. 

When the iron turnings were very clean, the potash very dry and 
pure, and the whole apparatus free from foreign matters, the metal 

froduced differed very little from that obtained by a Voltaic battery, 
ts lustre, ductility, and malleability were similar. Its point of fusion 
and specific gravity, however, were a little higher ; for it required 
nearly 130° Fahren1>eit, to render it perfectly fluid, and was to water 
as 796 to 1000 at 60° Fahrenheit This Sir H. Davy ascribes to 
contamination with a minute proportion of iron. The affinities, in- 
deed, by which the decomposition is produced, he supposes to be 
those of iron for oxygen, of iron for potassium, and of potassium for 
hydrogen. J 

Charcoal, it has been asserted by Curaudu*, may be employed, 
also, for the decomposition of the alkalies. To ensure success in the 
process, great attention, it appears, is necessary to the manipulations, 
which are fully described in the memoir of the inventor. The fact 
sufficiently explains an observation of Professor* Wood hou set. A 
mixture of half a pound of soot and two ounces of pearlash, was 
exposed for two hours in a covered crucible to an intense heat 
When the mixture became cold it was emptied upon a plate, and a 
small quantity of water poured upon it, when it immediately took 
fire. This could only be owing to the conversion of part of the pot- 
ash into potassium. 



Art. 3. — Potassium* 

I. The base of potash, at 60° Fahrenheit, exists in small globules, 
which possess the metallic lustre, opacity, and general appearance of 

* Nicholson's Journal, xxiv. 37. f *l"d. xxi. 220. 

Vol. I. — A a 



186 .. ALKALIES, CHAP. VIH. 

mercury ; so that when a globule of mercury is placed near one of 
potassium, the eye can discover no difference between them. At 
this temperature, however, the metal is only imperfectly fluid ; at 
70° it becomes more fluid ; and at 150° its fluidity is so perfect, that 
several globules may easily be made to run into one. 

By reducing its temperature, potassium becomes, at 50° Fahren- 
heit, a soft and malleable solid, which has the lustre of polished 
silver. At about the freezing point of water, it becomes hard and 
brittle, and exhibits, when broken, a crystallized texture, which, in 
the microscope, seems composed of beautiful facets of a perfect 
whiteness and high metallic splendor. > 

To be converted into vapour, it requires a temperature approach- 
ing that of a red heat ; and when the experiment is conducted under 
proper circumstances, it is found unaltered after distillation. 

II. Potassium is a perfect conductor both of electricity and of 
heat. 

III. Its specific gravity at 60° Fahrenheit," making some allow- 
ance for unavoidable errors in the experiment, is as 6 to 10, the lat- 
ter number being assumed as that of water. Gay Lussac and The- 
nard make it between 8 and 9, and Bucholz 8.76 ; but they probably 
operated on a less pure substance. Even in its solid form, \t swims 
in naphtha, whose specific gravity is about 7j to 10. The most re- 
cent statement of its specific gravity, by Sir H. Davy, fixes it be- 
tween 8 and 9. 

IV. Its combustibility has already been noted. At the tempera- 
ture of the atmosphere, it absorbs oxygen slowly ; but if heated 
nearly to redness, or to its point of vaporization, it burns, with a 
brilliant white flame and a very intense heat. 

V. It appears to be susceptible of different degrees or stages of 
oxidizement. lstly, By heating it to a point, below what is neces- 
sary for its inflammation, either in common air or oxygen gas ; or, 
(which is still better) by confining it, for some days, in an empty 
phial loosely corked, a substance is formed of a bluish grey colour, 
softer than wax, and readily fusible. This substance takes fire in 
oxygen gas, or even common air, at about 70° Fahrenheit, and acts 
on water, giving out hydrogen, but in less quantity than is extricated 
by potassium. 

2. The second oxide is potash, which is most effectually produced 
by the action of potassium on water. 

3. Potassium, gently heated on a platinum tray in oxygen gas, 
gives, for the result of its combustion, an orange coloured fusible 
substance. It is necessary to protect the platinum from its action, 
by dipping the tray, before the experiment, into muriate of potash 
melted by heat. The precise nature of this compound was first ex- 
plained, and its properties examined, by Gay Lussac and Thenard. 
It is fusible at a lower heat than hydrate of potash, and crystallizes 
in laminae by cooling. When thrown into water, oxygen gas is evolv- 
ed, and the substance passes, by this loss of oxygen, to the state of 
potash. Oxygen gas is, also, separated, by heating it strongly on a 
platinum tray coated with muriate of potash ; and a grey vitreous 
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substance remains, which Sir H. Davy considers as absolutely pure 
potash. Almost all bodies, that have an attraction for oxygen, den 
compose this orange oxide, and reduce it to the state of potash, which 
in some cases, combines with the new compound. Charcoal, for ex- 
ample, with the excess of oxygen in the orange substance, forms car- 
bonic acid ; and this acid, uniting with the potash that is produced, 
composes carbonate of potash. 

VI. The action of potassium on water is attended with some 
beautiful phenomena* When it is thrown upon water exposed to the 
atmosphere, or when it is brought into contact with a drop of water, 
it decomposes the water with great violence ; an instantaneous ex- 
plosion is produced with a vehement flame; and a solution of pure 
potash is the result. The hydrogen gas, which is disengaged, ap- 
pears to dissolve a portion of potassium ; for, on escaping into the 
air, it forms a wjiite ring of smoke, gradually enlarging as it ascends, 
like the phosphureted hydrogen gas. 

When water is made to act on the base of potash, atmospheric air 
being excluded, there is much heat and noise, but no luminous ap- 
pearance ; and the gas evolved is pure hydrogen. It is of impor- 
tance to remember that each grain of potassium, by acting on water, 
detaches about 1.06 cubic inch of hydrogen gas. 

If a globule of the base of potash be placed on ice, it instantly 
burna with a bright flame, and a deep hole is made in the, ice filled 
with a fluid which is found to be a solution of potash. 

The production of alkali, by the action of water on potassium, is 
most satisfactorily shown, by dropping a globule of the metal upon 
moistened paper, which has been tinged with turmeric. At the mo- 
ment when the globule comes into contact with the paper, it burns, 
and moves rapidly as if in search of moisture, leaving behind it a 
deep reddish brown trace, and acting upon the paper exactly like dry 
caustic potash. 

So strong indeed is the affinity of potassium for oxygen, that it 
discovers and decomposes the small quantities of water contained 
in alcohol and ether, even when carefully purified, and disengages, 
from both these fluids, hydrogen gas. 

On naphtha colourless and recently distilled, potassium has very 
little power of action ; but in naphtha, which has been exposed to the 
air, it soon oxidates, and alkali is formed, which unites with the 
naphtha into a brown soap, that collects round the globules* 

VII. When thrown into the liquid mineral acid, the base of potash 
inflames, and burns on the surface ; or, if kept beneath the surface, 
its effects are such as may be explained by its affinity for oxygen. 
In concentrated sulphuric acid, a white saline substance is formed, 
which is probably concentrated sulphuric acid surrounded by sulphur. 
At the same time a gas escapes which has the smell of sulphurous 
acid mixed with hydrogen gas. In nitrous acid, nitrous gas is dis- 
engaged, and nitre of potash is formed. In oxy muriatic acid gas, it 
burns vividly with bright scintillations, and muriate of potash is 
generated. 

VIII. Potassium readily combines with the simple combustibles. 
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To unite it with sulphur or phosphorus, it must be melted with these 
bodies under naphtha. 

The phosphuret of potassium requires for its fusion a stronger heat 
than either of its constituents. It is of the colour of lead ; and, when 
spread out, has a lustre similar to polished lead. By exposure to the 
air, or by rapid combustion, forms phosphate of potash. Besides this, 
there is, also, a chocolate coloured compound of potassium and phos- 
phorus ; so that it is probable these two bodies unite in different pro- 
portions, the lead coloured compound consisting of 2 atoms of metal 
+ 1 of phosphorus ; and the chocolate of 1 atom of metal + 1 of 
phosphorus. 

When potassium is fused with sulphur, in a vessel filled with the 
vapour of naphtha, a rapid combination ensues, accompanied with 
heat and light, and a disengagement of sulphureted hydrogen. The 
result is a grey substance not unlike artificial sulphuret of iron. Its 
formation and properties have been investigated by Vauquelin*. 

IX. With mercury, potassium gives some extraordinary and 
beautiful results. The combination is very rapid, and is effected by 
merely bringing them into contact at the temperature of the atmos- 
phere. The amalgam, in which the potassium is in least proportion, 
seems to consist of about 1 part in weight of basis and 70 of mercury. 
It is very soft and malleable; but by increasing the proportion of 
potassium, we augment, in a proportional degree, the solidity and brit- 
tleness of the compound. 

The compound of mercury and potassium may be obtained by an 
easy and simple process, first pointed out by Berzelius. Mercury, 
to the depth of a line, is put into a glass capsule, two inches in di- 
ameter, with a flat bottom. On this a solution of pure potash is 
poured ; an iron wire connects the mercury with the negative pole 
of a galvanic arrangement, which needs not contain more than 20 
pairs of plates ; and a spiral platina wire, from the positive pole, is 
immersed in the solution, and kept within about a line from the sur- 
face of the mercury. In six hours, the effect is observable, and in 24 
is very distinct: for in that time, more than 1200 grains of mercury 
will be rendered solid by combination with potassium. Unfortu- 
nately, this combination cannot be so decomposed, as to obtain the 
potassium in a separate state. 

In this state of division, potassium appears to have its affinity for 
oxygen .considerably increased. By a few minutes exposure to the 
air, potash is formed which deliquiates, and the mercury is left pure 
and unaltered. When a globule is thrown into water, it produces a 
rapid decomposition and a hissing noise ; potash is formed ; pure 
hydrogen disengaged ; and the mercury remains free. 

The fluid amalgam of potassium and mercury dissolves all the 
metals ; and in this state of union, mercury even requires the power 
of acting on platina. 

Potassium unites, also, with gold, silver, and copper; and, when 
the compounds are thrown into water, this fluid is decomposed, 

• Ann de Chiro. et. Phys. vi. 22, 
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potash is formed, and the metals are separated unaltered. When 
the reduction of an ore has been accomplished by the use of fluxes 
containing potash, M. Vauquelin has shown that the revived metal 
contains a greater or less proportion of potash, which modifies its 
properties. By exposure to the air, or by the action of water, this 
impurity may be removed*. 

X. Potassium, reduces all the metallic oxides when heated with 
them, even of those metals which most powerfully attract oxygen, 
such as oxides of iron. In consequence of this property it decom- 
poses and corrodes flint and green glass by a very gentle heat ; potash 
is generated with the oxygen taken from the metal, which dissolves 
the glass and exposes a new surface. At a red heat even the purest 
glass, formed merely of potash and silex, is acted upon. The alkali 
in the glass seems to give up a part of its oxygen to the potassium, 
and an oxide of potassium results, with a less proportion of oxygen 
than is necessary to constitute potash. The silex, also, it is proba- 
ble, is partly de-oxidized. 

From this summary of the action of potassium, it appears that all 
the most remarkable effects which it exhibits, are connected with its 
affinity for oxygen, which is sufficiently energetic to enable it to 
take oxygen from all other bodies. Hence the application of potas- 
sium to any substance is the best test of its containing oxygen, which, 
if present, it cannot fail to detect. 

It was important to determine the proportions in which potassium 
and oxygen combine, when potash is regenerated. This Sir H. Da- 
vy investigated by two different processes. The one consisted in 
ascertaining how much oxygen gas disappears by the action of a giv- 
en quantity of potassium ; the other how much hydrogen is disenga- 
ged from water by a known weight of the same substance. Dividing 
the bulk of the hydrogen gas by 2, he learned the quantity of oxygen 
which had been taken from the water. 

The coincidence of results, obtained by these different methods, 
is remarkable. By the action of potassium on oxygen gas, it ap- 
peared, on an average, that 

Potash consists of { *J J^J* 

100. 
By the agency of water, the proportions differed only by a small 
fraction, so that we may state in round numbers that the base is to 
the oxygen as six to one, or that 



t> , , . , f ^ 86 potassium, 

Potash is composed of J u £ xygen 



100, 
Subsequent experiments, however, have made some change neces- 
sary in these numbers. Gay Lussac and Thenard found, that 100 
parts by weight of potassium take 19.945 of oxygen from water ; and 

* Aim. dc €him. el Phys. vii. 32» 
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Sir H. Davy, by the action of 8 grains of potassium on water, ob- 
tained, on an average, .9$ cubic inches of hydrogen gas, showing 
that 4£ cubic inches, (== 1.61 grains) of oxygen had combined with 
the metal. Berzelius investigated the composition of potash, by ex- 
posing an amalgam of potassium and mercury, containing known 
proportions of those metals, to water; saturating the potash with 
muriatic acid ; and determining its weight by the muriate potash 
formed*. The following table shows the proportions of potassium 
and .oxygen in 100 grains of potash, as deduced from these different 
authorities. One hundred grains of potash contain, 

Oxygen. 

16.8 

16.63 



Potassium. 

According to Sir H. Davy 83.2 

Gay Lussac 13.37 

Berzelius 82.97 



17.03 



If deducted from the atomic theory, the true proportions should 
be 85 of potassium to 15 oxygen, numbers very near those originally 
obtained by Sir H. Davy. It is probable, indeed, that sources of in- 
accuracy may exist in the experiments, sufficient to account for this 
small deviation from theory ; and that potash is a compound of 1 
atom of potassium weighing 42.5 with 1 atom of oxygen weighing 
7.5. Hence the weight of the atom of potash will be 50 ; and an 
atom of water (8.5) being added, the atom of hydrate of potash will 
weigh 58.5. 

It is doubtful whether the grey compound (mentioned in § v). be a 
true sub-oxide of potassium, or merely a mixture of potash with po- 
tassium. If the former, it must consist of two atoms of potassium 
(85) with one atom of oxyged (7.5=92.5. But the latter view of its 
nature is the most probable one. 

The composition of the orange oxide cannot be assigned, from the 
quantity of oxygen, absorbed in the experiments, by which it is pro- 
duced ; for in eight results, obtained by Gay Lussac and Thenard, 
there is not a sufficient agreement to decide this point. It seems 
probable that the oxygen, which converts potassium into this sub- 
stance, is twice that which converts it into potash ; and that the or- 
ange oxide consists of 1 atom of potassium =» 42.5, + 2 atoms of 
oxygen « 15, which would make the weight of the atom of or- 
ange oxide 57t5. 

Potassureted Hydrogen Gas. 

This name I would propose for the solution of potassium in hydro- 
gen gas, which, it has already been stated, results from the action of 
potassium on water, and, and as appears from Sir H. Davy's exper- 
iments, may be formed, directly, by heating the metal in hydrogen 
gas. A large portion of potassium is thus dissolved ; but the greater 
part precipitates on cooling. / 

This gas is spontaneously inflammable in the atmosphere ; burns 

* 80 Ann. de Chim. 245. , 
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with a very brilliant light* which is purple at the edges ; and throws 
off dense vapours of potash. It loses its inflammability by keeping ; is 
heavier than hydrogen gas ; and is very dilatable by electricity. Be- 
sides the gas, which is spontaneously combustible, there is also, ac- 
cording to Seinentini, another compound of potassium and hydrogen, 
which is not possessed of this property, and probably contains a less 
proportion of the combustible metal. 

Gay Lussac and Thenard* have succeeded, also, in forming a so- 
lid compound of potassium and hydrogen. The process consists in 
heating the metal in hydrogen gas ; and the only difficulty is to re- 
gulate the heat, for a temperature decomposes the compound. The 
flame of a spirit lamp, applied to potassium, in a retort filled with 
hydrogen gas, occasions an absorption of the gas, and the formation 
of a solid hydruret of potassium. 

The colour of the substance is grey ; it is destitute of metallic lus- 
tre ; and is infusible. It is not inflammable, either in air or in oxy- 
gen gas at common temperatures, but burns vividly at a high one. 
When strongly heated in a close vessel, it is totally decomposed ; 
all the hydrogen it contains is liberated in the state of gas ; and the 
potassium remains. When brought into contact with heated mercu- 
ry, hydrogen gas is evolved, and an amalgam of potassium and mer- 
cury is produced. 

Nitrogen gas has not, at any temperature, any action on potas- 
sium. 



Art. 4. — Sodium. 

The base of soda agrees, in many of its properties, with the base of 
potash, and exerts on several bodies a similar action, with the obvious 
exception that the results are compounds of soda instead of potash; 
Thus with nitric acid it affords nit rale of soda; with oxy-muriatic 
acid, muriate of soda. In this place, therefore, I shall descride on- 
ly such of its properties as are peculiar to and characteristic of it. 

I. Sodium, at common temperatures, exists in a solid form. It is 
white, opaque ; and, when examined under a thin film of naphtha, 
has the lustre and general appearance of silver. It is exceedingly 
malleable, and much softer than any of the common metallic sub- 
stances. When pressed upon by a platinum blade with a small 
force, it spreads into thin leaves ; and a globule of T yh or T x T th of 
an inch in diameter is easily spread over the surface of a quarter of 
an inch. This property is not diminished by cooling it to 32° Fah- 
renheit. Several globules, also, may, by strong pressure, be for- 
ced into one ; so that the property of welding, which belongs to pla- 
tinum and iron at a high degree of heat only, is possessed by this 
substance at common temperatures. 

II. It is lighter than water. As. near as can be determined, its 
specific gravity is as 0.9348 to 1. 

# Eecherches, i. 176. 
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III. It is much less fusible than the base of potash. At 120° Fah- 
renheit, it begins to lose its cohesion, and it is a perfect fluid at 
about 180 p . Hence it readily fuses under heated naphtha. 
, IV. Its point of vaporization has not been ascertained ; but it re- 
mains fixed, in a state of ignition, at the point of fusion of plate 
glass. 

V. When sodium is exposed to the atmosphere, it immediately 
tarnishes, and by degrees becomes covered with a white crust of so- 
da, which deliquiates more slowly than that formed on potassium. 

VI. It combines with oxygen, slowly and without luminous ap- 
pearance, at all c6mmon temperatures. When heated, the combina- 
tion becomes more rapid ; but no light is emitted till it becomes 
nearly red hot The name, which it then produces, is white, and it 
sends forth bright sparks, exhibiting a very beautiful effect. In com- 
mon air, it burns with a similar colour to .charcoal, but of much grea- 
ter splendour. 

VII. When thrown into water, it produces a violent effervescense 
and a loud hissing noise ; it combines with the oxygen of the water 
to form soda ; and hydrogen gas is evolved, which does not, however, 
as in the case of potassium, hold any of the alkaline base in solution. 
Neither can sodium be made to dissolve in hydrogen gas, by being 
heated in contact with it. 

When thrown into hot water, the decomposition is more violent, 
and in this case a few .scintillations are generally observed at the 
surface of the fluid ; but this is owing to small particles of the base, 
which are ejected from the water, sufficiently heated to burn in pas- 
sing through the atmosphere. 

VIII. Its action on alcohol, ether, volatile oils, and acids, is simi- 
lar to that of potassium ; but with nitric acid a vivid inflammation is 
produced. 

IX. Sodium appears to be susceptible of different degrees of oxy- 
dation. 1st Wnen it is fused with dry soda; a partition of oxygen 
takes place between the alkali and the metal. A deep brown fluid 
is produced, which becomes a dark grey solid on cooling. This sub- 
stance is capable of attracting oxygen from the atmosphere, and of 
decomposing water, by which it is again converted into soda. The 
same oxide of sodium is formed, by fusing this metal in tubes of 
plate glass. 

It is of a greyish colour, destitute of lustre, brittle, and gives hy- 
drogen when acted on by water, butless than an equal weight of so- 
dium. It may, however, be doubted, whether this is a compound of 
sodium and oxygen, or merely a mixture of the metal with soda. 

2d. The second oxide of sodium (or first, if the one which has been 
just described be onl v a mechanical mixture) is soda. It may be for- 
med by burning sodium, in a quantity of air containing just oxygen 
enough to convert the metal, into alkali. It is of a grey colour; of 
a vitreous fracture; and requires a strong red heat for its fusion. 
Water is absorbed by it with violence, and converts it into hydrate 
of soda. 

3d. The orange oxide of sodium may be formed, by burning the 



SECT. U. UTHIA OK LITHINA." 195 

metal with an excess of oxygen. It is of a deep orange colour, ve- 
ry fusible, and a non-conductor of electricity. When acted on by 
water, its excess of oxygen escapes, and it becomes soda. It defla- 
grates with most combustible bodies. 

X* There is scarcely any difference between the visible pheno- 
mena attending the action of the base of soda, and that of potash on 
sulphur, phosphorus and the metals. The sulphuret of sodium has 
- a deep grey colour ; the phesphuret resembles lead. Added to mer- 
cury in the proportion ot 4 x v th, it renders that metal a fixed solid of 
the colour of silver, and the combination is attended with a consid- 
erable degree of heat. This amalgam seems, like that of potassium, 
to form triple compounds with other metals, and even with iron and 
platinum, which, remain united with the mercury, when it is deprived 
of the new metal by the action of air. 

The proportions, in which this base unites with oxygen to form so- 
da, were investigated by the methods already described in the article 
Potassium. The results of Sir H. Davy; of Gay Lussac and The- 
nard ; and of Berzelius, are given in the following table : 

Sodium. Oxygen, 
Per Davy (1807) 100 soda contain 77.7 22.3 

— Ditto (1811) 74.6 25.4 

— Gay Lussac , 74.63 25.3r 

— Berzelius* 74.29 27.71 

The proportions that would best accord with the atomic theory, 
are 775 of sodium to 22.5 of oxygen ; for this last number agrees 
with the weight of three atoms of oxygen. And on the supposition 
that soda is a compound of 1 atom of sodium X 1 atom of oxygen, 
by dividing 77.5 by 3 we should obtain the weight of the atom of so- 
dium, viz. 25.8. In this case, the atom of soda would weigh 33.3, 
and the atom of hydrate of soda 41.8. The number assumed by Div 
Wollaston to represent sodium, (oxygen being 10) is 29.1 ; and soda 
will, therefore, be denoted, on his scale, by 29.1 x 10 = 39,1. The 
peroxide Dr. Thomson is disposed to consider as a compound of two 
atoms of sodium with three atoms of oxygent. 



SECTION II. 

JMhia or Lithina. 

The discovery of this new substance, which dates only from the 
commencement of the present year, is due to the skill and sagacity 
of M. Arfvredson, a pupil of Berzelius. In the analysis of a mine- 
ral called Petalite, (first distinguished as a new species by M. D'An- 
drada, who found it in the mine of Uto, in Sweden), about 3 per cent, 
of an alkali was obtained, which M. Arfvredson at first supposed to 

• 80 Ann. de Chim. 251. + Ann. of Phil. x. 100. 
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be soda. On more accurate examination, however, the new substance 
displayed properties, entirely distinct from those of either soda or 
potash, especially in possessing the power of neutralizing a much 
greater quantity of the different acids than either of those alkalies ; 
in which respect it even surpassed magnesia. To distinguish it from, 
the two other fixed alkalies, both of vegetable origin, it received the 
name of lithion; and this term, to suit the analogy of the other al- 
kalies, was afterwards converted into lithia or lithina. 

The proportion of lithina in petalite has since been found to be 5 
per cent. ; and from some very pure pieces of that mineral, Vauque- 
lin has extracted even 7 per Cent. M. Arfvredson has discovered it, 
to the amount of 8 per cent, in triphane or spodumene, a mineral ' 
which is not so scarce as petalite ; and, to the extent of 4 per cent, 
in crystallized lepidolite. The process employed by him has not 
been described ; but it probably consisted in fusing the mineral with 
twice or three times its weight of potash ; dissolving the fused mass 
in muriatic acid; evaporating to dryness; and digesting in alcohol, 
which takes up scarcely any thing but a compound of the new earth 
with muriatic acid. By evaporating a second time to dryness, and 
again dissolving in alcohol, the muriate of lithina is obtained pure. 
Vauquelin extracted it from petalite by the* intervention of nitrate of 
bary tes, employed, probably, in the manner which will be described 
in the chapter on the analysis of minerals. 

The muriate of lithina may be decomposed by digestion with car- 
bonate of silver; and the solution of the carbonate, being decompo- 
sed by lime or by barytes, yields a solution of pure lithina, which may- 
be evaporated to dryness out of contact with the air, from which it 
rapidly imbibes carbonic acid. 

Pure lithina is very soluble in water, and, like the other alkalies, 
has an acrid, caustic taste. Like them also, it changes vegetable blue 
colours to green. When heated in contact with platinum, it fuses, 
and then acts on the metal. That it agrees with the other alkalies 
in containing a metallic base, has been proved by Sir H. Davy, who 
applied the power of a galvanic battery to a portion of the carbonate, 
fused in a platinum capsule. On rendering the platinum positive, 
and bringing a negative wire to the surface of the fused carbonate, 
the alkali was decomposed with bright scintillations; but the redu- 
ced metal burned again so rapidly, that it was only observed to be of 
a white colour and very similar to sodium. From analogy, it has re- 
ceived the name of lithium. The proportion, in which this metal 
unites with oxygen, has, of course, not been determined by direct 
experiment ; but it has been deduced by Vauquelin, from an analy- 
sis of the sulphate of lithina, and the application of the law that the 
proportion between the oxygen of sulphuric acid, and that of the bar 
ses which it saturates, is as 3 to 1", to be as follows : 

Lithium 56.50 .. 100 . . . . . 130 

Oxygen 43.50 77 1Q0 



100. 
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It would be premature, in the present imperfect state 4>f our 
knowledge of this new metal and alkali, to determine their equiva- 
lents, or in other words, the weights of their atoms. 

Instead, also, of describing the compounds of lithina, like those of 
the other alkalies, in future parts of trie work, I shall state, in this' 
place, the little that is known respecting them. 

With sulphur, lithina affords a yellow, and very soluble compound, 
which is decomposed by acids, with the same phenomena as the al- 
kaline sulphurets, and, from the abundance of the precipitate, ap- 
pears to contain a large proportion of sulphur. 

Sulphate of lithina crystallizes in small prisms of a shining 
white colour. It is more fusible and soluble than sulphate of pot- 
ash, and has a saline, not a bitter taste. It is constituted of 

Sulphuric acid 69.20 

Lithina 31.80 



100. 
The muriate and the nitrate of lithina ire both deliquescent salts 
The carbonated efflorescent in the air, and is sparingly soluble, re- 
pairing about 100 times its weight of cold water. The solution ef- 
fervesces with acids ; changes vegetable blue colours to green ; de- 
composes solutions of alumine and magnesia, and of the metals ; 
disengages ammoniac from its combinations ; and does not precipi- 
tate the muriate of platinum. The dry carbonate, when fused on 
platinum, acts as powerfully on that metal as the alkaline nitrates. 
The tartrate of lithina is an efflorescent salt ; and the acetate, when 
evaporated, assumes the consistence of gam or syrup*. 



SECTION III. 

Pure Ammonia, 

Art. 1.— -Preparation and Qualities of Ammonia. 

I. Ammonia, in its purest form, exists in the state of a gas. la 
order to procure it, one of the following processes may be employed. 

(a) Mix together equal parts of muriate of ammonia and dry 
quicklime, each separately powdered ; and introduce them into a 
small gas bottle or retort. Apply the heat of a lamp ; and receive 
the gas, that is liberated, over mercury. 

(b) To a saturated solution of ammonia in water or the pure li- 
quid ammonia, in a gas bottle, apply the heat of a lamp ; ana collect 
the gas, as in a. 

. II. This gas has the following properties : 
(a) It has a strong and very pungent smell. 
(&) It immediately extinguishes flame ; and is fatal to animals. 
Before, however, a candle is extinguished, by immersion in this gas, 

* See Thomson's Annals, xi. 291, 373, 447 ; xii. 15 ; Ann. de Chim. c% 
Phys. vii. 284> 313 ; and Journal of Science, ficc. v, 337. 
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the flame is enlarged, T>y the addition of another, of a pale yellow 
colour, which descends from the mouth to the bottom of the jar. If 
the flame of the candle be only in part immersed in the gas, this 
yellowish flame rises a few lines above the other. 

(c) It is lighter than atmospheric air. Hence a jar filled with 
this gas, and placed with its mouth upwards, is soon found to ex- 
change its contents for common air, which, being heavier, descends, 
and displaces the ammoniacal gas. By the recent experiments of 
MessjpS. Allen and Pepys*, undertaken at the. desire of Sir H. Davy, 
100 cubic inches of ammonia weigh 18.18 grains, barometer SO, 
thermometer 60°. According to Gay Lussac, its specific gravity is 
to that of common air as 0.5967 to 10; and hence (taking 100 cubic 
inches of air at S0.5 grains) 100 cubic inches of ammonia weigh 18.17 
grains. Mr. Dalton assumes, that at a mean temperature and pres- 
sure, 100 cubic inches weigh 18.6 grains; and hence that its spe- 
cific gravity is 6, air beiug 10. It does not appear that in any of 
these trials, the gas was artificially dried. To effect its desiccation, 

{>otash or quicklime are best adapted ; for dry muriate of cloride of 
ime, as well as several other chlorides, absorb it rapidiyt. 

(d) Ammoniacal gas is Hot sufficiently inflammable to burn when in 
contact with common air. But, when expelled from the extremity 
of a pipe, having a small aperture surrounded by oxygen gas, it may 
be kindled, and it then burns with a pale yellow flame, the products 
of its combustion being water and nitrogen gas. 

(e) Ammoniacal gas may be . decomposed by transmitting it 
through a red hot porcelain tube, which should be either well glazed 
internally, or covered externally with a lute, it has been ascertain- 
ed by Thenardt,,that when any of the five following metals are en- 
closed in the tube* thev promote the decomposition of ammonia in 
the order set down, viz. iron, copper, silver, gold, and platinum : 
iron being most effectual, and platinum least Iron, after the pro- 
cess, is found to be rendered brittle, and copper still more so. The 
gas obtained>always consists of 3 parts hydrogen by measure, and 1 
nitrogen. None of the metals is either increased or diminished in 
weight ; and they can only, therefore, act as conductors of heat. 
Yet it is singular that iron decomposes a much larger quantity than 
platinum, and at a lower temperature. 

(/) It has been asserted by Guy ton, that ammoniacal gas is re- 
duced to a liauid state at 70° below of Fahrenheit ; but it may be 
questioned whether the drops of liquid, which he observed, were 
any thing more than the watery vapour, which the gas always con- 
tains, condensed by the cold, and saturated with ammonia. 

(g) Ammonia is rapidly absorbed by water. A drop or two of 
water being admitted to a jar of this gas, confined over mercury, 
the gas will be immediately absorbed, and the mercury will rise, so 
as to fill the whole of the jar, provided the gas be sufficiently pure- 
Ice produces the same effect, in a still more remarkable manner. 

* Philosophical Transactions, 1818, page 39. 

f Journal of Science, v. 74. * 85 Ann. de Chim. 61, 
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From Sir H. Davy's experiments, it appears that TOO grains of water 
absorb 34 grains of ammoniacal ga9, or 190 cubic inches. Therefore 
a cubic inch of water takes up 475 cubic inches of the gas. More 
recently he has stated that at 50° Fahrenheit, water absorbs *670 
times its bulk, and acquires the specific gravity .875*. 

Alcohol, also, absorbs several times its bulk, and affords a solution 
of ammonia in alcohol, which possesses the strong smell, and other 
. properties, of the gas. 

(ft) Water, by saturation with this gas, acquires its peculiar smell ; 
and constitutes what has been called liquid ammonia; or, more 
properly, solution of pure ammonia in water. The method of ef- 
fecting this impregnation will be described hereafter ; the processes 
will be given for obtaining the solution of ammonia in considerable 

Quantity, which cannot conveniently be accomplished by the method 
escribed in experiment e. This solution again yields its gas ok 
applying heat. (See 1. b.) 

The strength of a solution of ammonia is influenced by two cir- 
cumstances, the temperature of the liquid, and the pressure on its 
surface, for ammonia is not retained in water without external force. 
The intervals of temperature, required to double the force of am- 
moniacal vapour, were ascertained by Mr. Dalton to increase in as- 
cending. When mixed with common air, its elasticity is not alter- 
ed; thus when ammoniacal gas of 15 inches force is mixed with a 
given volume of air, the air is doubled in bulk. 

Solutions of ammonia, when mixed with water, were found by Sir 
H. Davy, not to be sensibly condensed ; and, therefore, if the quan- 
tity of ammonia in a solution of given specific gravity be determin- 
ed, it is easy to calculate the quantity in solutions of other densities. 
The two following Tables, it may be observed, do not exactly agree 
in their results, the quantity of ammonia, in solutions of the same 
density, being from 15 to 20 per cent, less in Mr. Dal ton's Table 
than in Sir H. Davy's. The numbers in the latter, marked with an 
asterisk, were found by experiment, and from these the others were 
deduced. 

Sir H. Davy's Table of the Quantities of Ammoniacal Gas in Solu- 
tions of different Densities (Temp. 50° Fahrenheit's Barometer, 
29.8). 
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CHAP. VI U. 



Mr. Bolton's Table of the Quantities of Jtmmonia in Solutions of 
different specific Gravities. 



Art. 2. — Electrical Jinalt/sis of tSmmonia, 

(1) Ammoniac al gas is decomposed by electricity. Into a jrlVs 
tube, having a conductor sealed hermetically into one end (tig. aM, 
and standing inverted over mercury, pass about one tenth of a cubii 
inch of ammoniacal gas; and transmit through it a succession of 
electrical discharges from a Leyden jar. The arrangement of the 
apparatus, for this purpose, is shown in fig.. 84, pi. ix. and is descri- 
bed in chap. v. sect t. When two or three hundred discharges 
have been passed, the gas will be found to have increased to almost 
twice its original bulk, and to have lost its property of being absorb- 
ed by water. Mix it with a quantity of oxygen gas, equal to between 
one third and one half of its bulk, and pass an electric spark through 
the mixture. An explosion will immediately happen ; and the quan- 
tity of gas will be considerably diminished. Note the amount of the 
diminution by firing; divide it by 3; and multiply the product 
by 2. The result shows the quantity of hydrogen gas in the 
mixed gases which have been generated by electricity j for two mea- 
sures of hydrogen are saturated by one of oxygen gas. 

Suppose, for example that we expand 10 measures of ammonia to 
18 ; and that, after adding 8 measures of oxygen gas, we find the 
whole (=-26 measures) reduced by firing to 6 measures; the dimi- 
nution will be 20. Dividing 20 by 3 we nave 6.66, which multiplied 
by 2 gives 13.32 measures of hydrogen gas from 10 of ammonia. 
Deducting 13.32 from 18, we have 4.68 for the nitrogen gas contain- 
ed in the product of electrization. Therefore 10 measures of ammo- 
nia have been destroyed, and expanded into 
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13.32 measures of hydrogen gas, 
4.68 - nitrogen gas. 

According to the above proportions, 100 cubic inches of ammonia, 
which weigh about 18 grains, if they could be decomposed by elec- 
tricity, would give about 133 cubic inches of hydrogen, weighing S.5 
grains, and 46 of nitrogen weighing 14.4 grams, in all 17.9 grains, 
or one tenth of a grain less than the ammonia decomposed. Mr. Dal- 
ton obtained 185 measures of gas by decomposing 100 measures of 
ammonia; and, by comparing the products with the original gas, he 
finds that the weight of the former rather exceeds that of the latter 
thus, 

Graifls 
100 measures of ammonia xsp.gr. ,6 = 60 

. 5 51.8 nitrogen, which x sp. gr. .967 *= 50.09 
proauce £lS3.2hydrogen,which xsp.gr. .08*= 10.65 

; 60.74 

The excess of |ths of a grain in 60 he considers as too small to 
affect the conclusion, and as arising from unavoidable* inaccuracies 
in some of the data. 

It is contended by Gay Lussac and Thenard, and the probable 
accuracy of their result is admitted by Sir H. Davy* ana by Dr. 
Wollaston, that 200 measures of ammonia are resolvable, by ana- 
lysis, into 300 of hydrogen and 100 of nitrogen. This proportion 
is consistent with the theory of combination in definite volumes. 
There is, however, considerable difficulty in ascertaining the precise 
amount of the gases evolved from ammonia ; for if either the gas 
itself, or the mercury which confines it, contain any moisture, tne 
product of gas, resulting from its decomposition, will exceed what 
it ought to be. The problem is one of great importance to the atomic 
theory, because from the proportion of the elements of ammonia, is 
deduced the weight of the atom, of nitrogen. This will differ con- 
V siderably, according to the statement, which we may adopt, of the 

\ amount of gases obtained by decomposing ammonia ; their proportion 

to each other ; and the exact specific gravities of hydrogen and ni- 
trogen gases. From the data supplied by Mr. Dalton, it appears 
reasonable to believe, that the weight of nitrogen in ammonia is to 
that of hydrogen nearly as 5 to l,and the atom of nitrogen will, 
therefore, be represented by 5, and that of ammonia by 5 + 1 = 6. On 
ihe scale of Dr. Wollaston, nitrogen is represented by 17.54 ; which, 
with 3 proportions of hydrogen (1.32 x 3 = 3.96), gives 21.5 for the 
r equivalent of ammonia. 

(2) In the Philosophical Transactions for 1809, I have described 
a property of ammonia, which forms the basis of a very easy and 
quick mode of analyzing that alkali. When mingled with oxygen 

* Elements of Chem. Phil. p. 269. 
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gas it may be inflamed by the electric spark, precisely like a mixture 
of hydrogen and oxygen gases. To obtain accurate results, however, 
it is necessary to use less oxygen at first, than is sufficient to saturate 
/the whole hydrogen of the alkali. This is easily calculated. If, for 
example, we take 10 measures of ammonia, we must use less oxygen 
than will saturate 13 or 14 measures of hydrogen gas, the quantity 
which exists in 10 of ammonia; and which require about 7 of oxygen 
gas. It will be adviseable, therefore, not to add above 4 or 5 of oxy- 
gen. The whole (suppose 15) will probably, after firing, be reduced 
to about 9. To the remaining gas admit 4 or 5 measures more of 
oxygen ; and on passing the electric spark again, a second explosion 
will happen, with a diminution of about 6 measures. But, in the 
first explosion, the whole of the oxygen disappears, and it must 
therefore have saturated a quantity or hydrogen .equal to 10 mea- 
. sures ; besides which, two thirds of the second diminution (6^-Sx2) 
«= 4 measures are owing to the condensation of hydrogen. Hence 
tha whole hydrogen is 10 + 4 = 14. The nitrogen, the whole of 
which exists in the product of the first detonation, is ascertained by 
deducting from it (viz. from 9 in the present instance) the second 
quantity of hydrogen (4) which gives 5 for the nitrogen. These 
numbers may not, perhaps, be exactly obtained by experiment ; and 
they are given merely as a general illustration of the process. 

By experiments of this kind, I have determined that 100 measures 
of ammonia require, for saturating the hydrogen which they contain, 
between 67 and 68 of pure oxygen gas, and afford 

Of hydrogen gas about 136 measures, 
nitrogen gas . .... 47 measures. 

183 

The results of this analysis furnish a good example of the conden- 
sation of the elements of gases which takes place on chemical union; 
and if we could, by any means, permanently condense a mixture of 
136 measures of hydrogen with 47 of nitrogen into 100 measures, 
the new gas would constitute ammonia. Simple admixture of these 
gases, however, even in the same proportions which are obtained by 
analyzing ammonia, is not sufficient to generate this alkali. The 
caloric, with which the hydrogen and nitrogen are respectively com- 
bined, opposes, by its elasticity, an obstacle to their union, and places 
them beyond the sphere of their mutual attractions. If these ele- 
ments are presented to each other when one or both are deprived of 
part of their caloric, combination then takes place ; and the compo- 
sition of the volatile alkali is proved synthetically, as in the follow- 
ing experiment. 

When iron filings, moistened with water, are exposed to nitrogen 
gas confined over mercury, the gas, after some time has elapsed, ac- 
quires the smell of volatile alkali. In this case, the iron decomposes 
the water and seizes its oxygen ; while the hydrogen, at the moment 
of its liberation, unites with nitrogen and composes ammonia. This 
state of condensation, or absence of the quantity of caloric necessary 
to bring it into a gaseous form, has been called the nascent state of 
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hydrogen ; and the same term has been applied to the bases of other 
gases when in a similar state. 



Art. 3.— *On the Presence of Oxygen in Ammonia; and on the 

•Amalgam of Mercury and Ammonia. 

» 

Beside the hydrogen and nitrogen which, it has already been 
stated, are obtained by decomposing ammonia, it has been conjec- 
tured by Sir H. Davy that this alkali contains, also, a small propor- 
tion of oxygen, not exceeding seven or eight parts in the hundred. 
The arguments, which he has brought in favour of this opinion, are 
derived chiefly from the foil owing facts: 

1. When he decomposed ammonia by electricity, the gases pro- 
duced fell short, by nearly one eleventh, of the weight of the ammo- 
nia employed ; in other words, 100 grains of ammonia gave only 
about 91 grains of permanent gases. To obtain this result, however, 
, several precautions are necessary, which are fully stated in the Phi- 
losophical Transactions for 1 809, p. 460. 

% By repeatedly transmitting ammoniacal gas (previously de- 
prived, by passing it through a tube surrounded by a freezing mixture, 
of as much water as possible (over red-hot iron wire, the metal be- 
came superficially oxidized, and gained a very slight increase of 
weight It is proper, howeyer, to state, that a similar experiment 
was made by M. Bertholiet, junior, with different, or at, least with 
equivocal, results. Besides, a very minute addition of oxygen 
might be furnished to the iron by the decomposition of a small por- 
tion of water, which ammoniacal gas, in common with all other 
gases, contains ; and which would scarcely be separated from it by 
the temperature of a freezing mixture. No sufficient proof, indeed, 
has been established by the subsequent experiments of Sir H. Davy ; 
by my own, directed to the same object ; or by those of any other 
person, that oxygen exists as an element of ammonia, or that any 
products can be obtained by its decomposition, beside hydrogen and 
nitrogen gases. 

It must be acknowledged, however, that the indirect evidence, in 
favour of the presence of oxygen as an element of ammonia, which 
is furnished by. other experiments of Sir H. Davy, is much stronger 
than that derived from the results of its analysis. These experi- 
ments even go so far as to suggest that ammonia may, like the fixed 
alkalies, be an oxide of a peculiar metal, or at least of some com- 
pound containing the elements of a metal. And, as hydrogen and 
nitrogen alone are obtained by the electrical analysis of ammonia, 
it will follow that the metal in question is either a compound of 
those two bases, or a component part of one of them. If this should 
be established, we shall obtain proof of a, fact of the greatest novelty 
and curiosity, viz. the existence of a metal . or a metallic oxide, 
whose natural state is that of ah aeriform fluid. 

To understand the general outline in these experiments, it may 
Vol. I.—-C c 
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be necessary to premise, that whenever mercury, after combination 
with another substance, retains in a great measure its characteristic 
properties, and forms what has been called an amalsam^ we infer 
that the change has been produced by its union with a metal ; for 
the metals are the only bodies which are capable of amalgamating 
with quicksilver. Now it was found, by MM. Berzelius and Pontin 
of Stockholm, that when mercury, negatively electrified in the Vol- 
taic circuit, is placed in contact with solution of ammonia, it gradually 
expands to four or five -times its dimensions, and becomes a soft solid, 
which, at 70° or 80° Fahrenheit, has the consistence of butter. At 
the freezing temperature, it becomes firmer, and forms a crystallized 
mass, in which small shining facets appear. By this combination, 
it is very remarkable that mercury gams an addition Qf only about 
one twelve thousandth part of its weight ; and yet has its specific 

gravity so much decreased, that from being between 13 and 14 times 
eavier than water, it becomes only three times heavier. Its colour, 
lustre, opacity, and conducting powers remain unimpaired. 

An easier mode of forming this amalgam, Sir H. Davy found, is to 
employ mercury united with a minute quantity of potassium, sodium, 
or barium. A compound of this sort, placed in contact with a so- 
lution of ammonia, enlarges to eight or ten times its bulk, and be- 
comes a soft solid, which may be preserved a much longer time than 
the amalgam made by electrical powers, and which even changes 
very slowly^ under water. 

When this amalgam is exposed to the atmosphere, oxygen is ab- 
sorbed ; ammonia is produced ; and the quicksilver is recovered in 
its metallic form. When thrown into water, ammonia is also re- 
generated, and quicksilver separated, hydrogen gas being at the 
same time evolved. It appears, then, that in the formation of the 
amalgam, mercury combines with one or more of the elements of 
ammonia, and that in the subsequent oxidation of what is thus ac- 
quired by the ammonia, consists the process of regenerating alkali. 
In this view of the subject, there certainly appears great reason to 
believe that oxygen is one of the constituents of ammonia; but the 
facts are not sufficiently simple to furnish incontrovertible evidence, 
and their explanation is still attended with considerable obscurity. . 
On the supposition that the unknown substance, which amalga- 
mates with the mercury, is of a metallic nature, Sir H. Davy pro- 
posed for it the name ammonium. All attempts to detach it from 
this combination, and to exhibit it in a separate form, have hitherto 
failed ; and it still remains an object of farther investigation. One - 
great difficulty consists in procuring the amalgam free from water, 
of which it always contains enough to furnish oxygen, and to re* 
generate alkali. The amalgam, which appears to be most free from 
adhering moisture, is that of potassium, mercury, and ammonium in 
a solid state ; but even this amalgam gave on distillation nothing but 
hydrogen gas, besides a small proportion of ammonia. The quantity 
of matter, added to the mercury, in the formation of the amalgam, 
Sir H. Davy estimates at only xrJ^th. 
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Gay Lussac an Thenard* have also made a great number of ex- 
periments on this amalgam, from which they infer that it is a com- 
pound of mercury, hydrogen, and ammonia; and that mercury, to 
become the amalgam, absorbs 3.47' times its bulk of hydrogen gas, 
4.22 or 8.67 times its bulk of ammoniacal gas. The increased le- 
vity of the mercury, they are of opinion, may be explained by the 
lightness of the elements with which it combines, and by their being 
retained by so feeble an affinity, as to produce very little condensa- 
, tion. This view of the subject has been opposed by Berzelius on 
theoretical grounds, for a statement of which tne reader may consult 
the 77th vol. of Annates de Chimie, p. 79. In the present state of 
the inquiry, new facts seem to be wanting to determine the nature 
of this singular compound. 

An experiment of Dobereiner would, if confirmed, prove that 
hydrogen lias of itself the property of forming an amalgam with 
mercury. He introduced a globule of mercury into a vessel of water, 
and placed it near the negative wire of a galvanic battery. Oxygen 
gas was given out from the positive wire, but no gas whatever arose 
from the negative wire. By this wire, the mercury was attracted 
and gradually converted into an amalgamt. The experiment, how- 
ever, when carefully repeated in this country, has not been attended 
with the same resultj. 

Art. A,— Action of Potassium on Ammonia. 

^ When potassium is melted in ammoniacal gas, it is changed into 

ah olive-green fusible substance ; the ammonia almost entirely dis- 
appears ; and is replaced by a volume of hydrogen, precisely equal 

| to that, which the same quantity of potassium would have disen- 

gaged from water. To effect this combination, in the way recom- 
mended by Gay Lussac and Thenard, a bent glass tube is employed, 
into which, when filled with perfectly dry mercury, . a known quan- 
tity of ammoniacal gas is admitted, and a determinate weight of 
potassium is then passed through the mercury, by means of a bent 
iron wire. Care must be taken to shake off from the potassium, and 
from that part of the tube which contains the gas, all the adhering 
globules ot mercury; otherwise they interfere with the result. The 
part of the tube, which contains the potassium, is next gently heated 
by a spirit lamp ; the metal enters into fusion, and is covered with a 
thin crust, which soon disappears ; the brilliant surface of the metal 
then is exposed ; it absorbs much ammoniacal gas, and, in a few in- 
stants, is transformed into 1 the olive-green substance. It is necessary, 
at this period, to remove the lamp ; and indeed the regulation of the 
heat, which can only be learned by experience, occasions considera- 
ble variety in the results, and in the quantity of ammonia which dis- 
appears. When the gas is used in sufficient quantity, all the potas- 
sium is changed into the olive compound; and it absorbs from 100 to 
136 times its volume of alkaline gas. 

* Rechsrches, i. 72/ f Thomson's Annals* vii. 30. 

* Phil. Mag. xlvi. 421. 
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When the olive-coloured substance is gradually heated in a glass 
vessel, in contact w it** hydrogen gas, it enters into a kind of ebul- 
lition ; much gas is disengaged ; and the mercury descends rapidly 
in the tube. When the tube is not .heated beyond a cherry red, no- 
thing but ammonia is disengaged. But when this degree of heat is 
exceeded, hydrogen and nitrogen are obtained, in the proportions 
required to form ammonia, viz. 3 to 1. In all cases, the residue is 
blackish, and is found to have lost its fusibility- Only three fifths, 
however, of the ammonia which has disappeared, can be re-obtained 
by he.at, either in the form of alkaline gas or of its elements. 

When the olive-coloured substance is brought into contact with 
water in close vessels, great heat is excited, and the only products 
are potash and ammoniacal gas, the latter in exactly the same quan- 
tity which was originally absorbed, except a few hundredth parts, 
which are absorbed by the moist potash. The only caution, neces- 
sary to obtain this result, is not to use more water than is absolutely 
necessary. 

Precisely similar phenomena occur, when sodium is heated in am- 
moniacal gas ; the sodium is transformed into an olive-green sub- 
stance ; ammonia is absorbed, and hydrogen is evolved, in exactly 
the same quantity as by the action of an equal weight of sodium on 
water. 

The experiments of Sir H. Davy on the olive-coloured compound 
agree, in the main, with those of Gay Lussac and Thenard. By dis- 
tillation per se, he obtained some undecomposed ammonia, and hy- 
drogen and nitrogen gases in the proportion by volume of 2§ of the 
former to 1 of the latter. He examined the residue of its distilla- 
tion with much attention ; and describes it to be a black, shining, 
opaque, and brittle substance, highly inflammable when exposed to 
air at the ordinary temperature. When submitted by itself to dis- 
tillation at a strong heat, in a platinum tube (which was done with 
the expectation that nitrogen gas only would have been evolved), 
a mixture of gases was obtained, consisting of only one fifth nitro- 
gen, and four fifths hydrogen, without any ammonia ; and potash re- 
mained in the tube. 

Though these facts cannot be easily explained, except on the sup- 
position that nitrogen is an oxide ; yet (as is candidly acknowledged 
by Sir H. Davy), in processes so delicate and complicated, and in- 
volving such numerous data, we cannot be certain that every source 
of fallacy has been avoided, and every circumstance observed t and 
reasoned upon. 



CHAPTER IX. 

EARTHS. 



The term earth was, till lately, employed to denote " a tasteless^ 
inodorous, dry, brittle, and uninflammable substance, not more thaa 
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five times heavier than water." This definition, however, was ren- 
dered imperfect by the discovery, that certain earths have a strong 
taste, ana are readily soluble in water, which yet possess the other 
characters of earthy -bodies. Some of the earths were therefore re- 
moved from this class, and arranged among the alkalies. The classi- 
fication, however, which appears to me most eligible, is that which 
divides them into earths simply, and alkaline earths ; the latter par- 
taking of the characters both of earths and alkalies. The alkaline 
earths are Bary tes, Strontites, Lime, and Magnesia. ' The earths are 
Siiex, Alumine, Zircon, Glucine, and Yttria*. 

Until the important sera of Sir H. Davy's discoveries, the earths 
were, with respect to the state of our knowledge, simple or elemen- 
tary bodies. Many conjectures, it is true, had been formed respect- 
ing their nature; and, among these we find that their being com- 
posed of oxygen and a metallic base had been suggested as a pro- 
bable theory*. Led by the analogy arising from his experiments on 
the alkalies, Sir H. Davy, however, was the first to demonstrate 
what had before been only imagined ; and to disunite, by the agency 
of strong electrical powers, the constituent principle of several of 
this class of bodies. 

In this part of the investigation, difficulties were encountered 
which demanded great perseverance and complicated processes. 
The affinity of the earthy bases for oxygen appears considerably to 
surpass that of the metals composing potash and soda ; and it was 
found that simple exposure to the opposite electricities was not ad- 
equate to the separation of the principles which compose the earths ; 
or, at least, that the effect was too indistinct to furnish satisfactory 
evidence of their nature* Sir H. Davy was, therefore, induced to 
.electrify the earths, as he had formerly operated on potash, in con- 
tact with the oxides of known metals ; with the expectation that 
the metallic base of the earth would unite with the metal contained 
in the oxide he employed, and form an alloy. Thus a mixutre of 
barytes and red oxide of mercury might be expected to yield an alloy 
of mercury with the metallic base of barytes ; and such, in fact, was 
the result of the experiment ; for a solid amalgam adhered to the ne- 
gative wire, which, when thrown into water, evolved hydrogen, leav- 
ing pure mercury, and a solution of barytes. Mixtures of lime, 
strontites, or magnesia with oxide of mercury gave similar amalgams, 
from which the respective alkalies were regenerated by the action, 
of air or water ; but the quantity obtained was too minute for in- 
vestigation. 

On the suggestion of Professor Berzelius of Stockholm, the earths 
were next electrified negatively in contact with mercury itself; and 
in this way amalgams were obtained from barytes, strontites, lime, 
and magnesia. These compounds of mercury with the metallic base 

• The Agustine of Tromsdorff has been shown, by Berthollet, to be near* 
\y Phosphate of Lime. Nicholson's Journal, 8vo. vii. 117. 

j- The reader may consult a history of opinions respecting the earths, in a 
note to Sir H. Davy's paper, Philosophical Transactions, 1808. 



206 EARTHS. GHAP. IX. 

of the earth decomposed water, and the earth, which had afforded 
them, was regenerated. Under naphtha, they might be preserved 
for a considerable time; but at length they became covered with a 
white crust of the regenerated earth. 

To procure quantities of these amalgams sufficient for distillation, 
the earths were slightly moistened, and mixed with one third of red 
oxide of mercury : the mixture was then placed on a plate of plati- 
num, a cavity was made in the upper part of it to receive a globule 
of mercury of from 50 to 60 grains in weight, and the whole was 
covered with a thin film of mercury ; lastly the plate was made po- 
sitive, and the mercury negative, by a proper communication with a 
battery of 500 pairs. 

From these amalgams, the mercury was separated by distilling in 
small tubes of glass filled with the vapour of naphtha. Considera- 
ble difficulties, nowever, attended these operations; and after all, 
Sir H. Davy could, in no case, be absolutely certain, that there was 
not a small quantity of mercury in combination with the metals of 
the earths. 

The proportion of oxygen and metal has not yet been ascertained 
in any of tne earths; but the evidence from analysis of their compo- 
sition is perfectly satisfactory, the inflammable base appearing uni- 
formly at the negative surface in the Voltaic circuit, and the oxygen 
at the positive surface. 

The decomposition of the other earths, alumine, silex, zircon, and 
glucine was not effected by the same means, that had been applied 
successfully to the alkaline earths. Combinations of potash and alu- 
mine, and of potash and silex, were electrified with the hope that the 
bases of these earths would be obtained in the state of an alloy with 
potassium. Soda and zircon were similarly treated. In all these ca- 
ses, the phenomena indicated that some portion of the several earths 
had been decomposed ; but in too minute a quantity to examine the 
properties of their bases. 

Lastly, potassium, amalgamated with about one third its weight 
of mercury, was electrified negatively under naphtha, in contact with 
the four earths, which were last enumerated. The potassium gene- 
rated was thrown into water, and the alkali produced saturated with 
acetic acid.- Now if any metal had thus been obtained from the earths r 
it would exist in the form of an alloy with potassium ; both metals 
w6uld be oxidized by the water; the potassium would reproduce 
potash, and the other metal the earth which gave it origin, winch 
earth would be dissolved by the solution of potash, and would re-ap- 
pear on adding an acid. The general tenor of the results gave great 
reason to conclude that alumine, silex, glucine, and zircon are, like 
the alkaline earths, metallic oxides. 

By the use of the blow-pipe with compressed oxygen and hydro- 
gen gases, Professor Clarke of Cambridge was led to believe that he 
Sad succeeded in effecting the decomposition of the earths, and in 
exhibiting their metallic bases in a separate form*. The experiments, 

% * Thomson's Annals, viii. 313, 357, 471 ; ix. 194. Journal of Science, &c. 
il. 119. 
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however, have been frequently repeated in the laboratory of the Roy- 
al Institution, but always without success, though the' heat obtained, 
was sufficient for the fusion of corundum, rock crystal, and other re* 
fractory bodies.* It is probable, therefore, that Dr. Clarke may have 
been misled by the presence of some impurities in the earths, which 
were submitted to his experiments, fiut in a subsequent memoirt, 
he declares his conviction of the accuracy of his results to be strength- 
ened by carefully repeated experiments in which a distinct metallic 
-film was produced on the surface of barytes, and was found to give 
no traces of iron or sine deposited (as had been suggested) by the 
hydrogen gas. 



SECTION I. 

Barytes. 

Barytes may be obtained in a state of purity, by the calcination of 
its carbonate or nitrate, in a manner which will be hereafter descri- 
bed. (See chap. xi. sect 4, art. iv.) It exhibits, when pure, the fol- 
lowing properties : 

I. Barytes, in a pure form, has a sharp caustic taste ; changes ve- % 
getable blue colours to green ; and serves as the intermedium be- 
tween oil and water. In these respects, it bears a strong resemblance 
to alkalies. 

II. When exposed to the flame of the blow-pipe on charcoal, it 
melts ; boils violently ; and forms small globules, which sink into 
the charcoal. After being kept in fusion in a crucible during tea 
minutes, it still, according to Berthollet, contains 9 per cent, o? wa- 
ter ; from theory it should contain 10.59 per cent. This, however, 
is true only of barytes which has been obtained from the carbonate, 
by a process to be described hereafter. Barytes procured by decom- 
posing the nitrate of that earth, is not fusible, and appears to contain 
little if any waterj. 

III. If a small quantity of water be added to recently prepared 
barytes, it is absorbed with great rapidity; prodigious heat is exci- 
ted ; and the water is completely solidified, a sort of hard cement 
being obtained. A little more water converts this mass into a light 
bulky powder; and, when completely covered with water, the ba- 
rytes is dissolved. Boiling water should be employed for this pur- 
pose; unless sufficient temperature has been produced, by the sud- 
den addition of the whole quantity necessary for solution. 

IV. When the solution, prepared with boiling water, is allowed to 
cool slowly, it shoots into regular crystals. These have the form of 
flattened hexagonal prisms, having two broad sides, with two inter- 
vening narrow ones ; and terminated, at each end, with a quadran- 

* Journal of Science, ii. 461. f Thomson's Annals, x. 133, S75. 

t Nicholson's Journal, xxjji. 281. 
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gular pyramid. They lose, according to Bucholz, half their weight 
of water in a red heat; the barytes then continues fused, and parts 
with no more water, though still combined with the proportion above 
stated. Mr. Dalton, from his experiments, infers that the crystals 
contain 30 barytes and 70 water per cent., which would make them, 
consist of i atom of barytes + 20 atoms of water. 

V. The crystals are so soluble, as to be taken up, when heated, 
merely by their own water of crystallization. When exposed to a 
stronger heat, they swell, foam, and leave a dry white powder, a- 
mountmg to about 47 parts from J 00 of the crystals. This again com- 
bines with water with great heat and violence. At 60° of Fahrenheit, 
an ounce measure dissolves only 25 grains of the crystals, i. e. they 
require for solution, 17 j times their weight of water. Exposed to 
the atmosphere, they eltioresce, and become pulverulent. 

VI. When added to spirit of wine, and heated in a spoon over a 
lamp, they communicate a yellowish colour to its flame. 

VII. The specific gravity of this earth, according to Fourcroy, is 
4 ; but Hassenfratz states it at only 2.374. The former account, 
however, is the more probable. All its combinations have consid- 
erable specific gravity ; and hence its name is derived, viz. from the 
Greek word ^^ signifying heavy. The weight of its atom Mr. Dal- 
ton states at 68, but this number is probably rather too low, as will 
appear in the sequel. 

VIII. Barytes does not unite with any of the alkalies. 

Of the base of barytes or barium.— -The base of barytes was ob- 
tained by Mr. Davy by distilling its amalgam, obtained in the follow- 
ing manner. A quantity of native carbonate of barytes was made 
into a paste with water, and placed on a tray of platinum ; a cavity 
was made in the paste to receive a globule of mercury, which was 
rendered negative, at the same time that the platinum was made pos- 
itive by means of a Voltaic battery, containing about 100 double 
plates. In a short time, an amaglam was formed consisting of mer- 
cury and barium. This amalgam was introduced into a little tube 
made of glass free from lead, Which was bent into the shape of a re- 
tort, then filled with the vapour of naphtha, and hermetically sealed. 
Heat was then applied to the tube, till all the mercury was driven 
off. 

The residuum of this distillation was a dark grey metal, with a lus- 
tre inferior to that of cast iron. At the ordinary temperature of the 
air it remained a solid ; but became fluid at a heat below redness. 
It did not rise in vapour, till heated nearly to redness, and then ac- 
ted violently upon the glass* 

When exposed to the air, this substance rapidly tarnished, and fell 
into a white powder, which was barytes. When this process was 
conducted in a small portion of air, the oxygen was absorbed ; and 
the nitrogen remained unaltered. A portion of it thrown into water 
acted upon it with great violence, and sank to the bottom, produ- 
cing barytes, and evolving hydrogen gas. 

The quantities obtained were too minute for an examination either 
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of its physical or chemical qualities. It sank rapidly in water, and 
even in sulphuric acid, though surrounded by globules of Hydrogen 
equal to two or thee times its volume. Hence it is probable that it 
cannot be less than four or five times as heavy as water. It was 
flattened by pressure, but required considerable force for this effect. 
The proportion of the components of barytes Sir H. Davjr deduces 
to be 89.7 barium and 1 0.S oxygen per cent. The determination of 
Berzelius nearly agrees with tins, viz. 

Barium ... 89.52 . . . 100.00 
Oxygen . . . 10.48 ... 11.69 



100. 111.69 

Barium, from the experiments of Gay Lussac and Thenard, ap- 
pears capable of combining with a larger quantity of oxygen than 
exists in barytes ; for when pure barytes, prepared from the nitrate, 
was heated in dry oxygen gas, the gas was rapidly absorbed, and 
the earth became grey, and appeared glazed on its surface. 

On the supposition that barytes consists of an atom of barium uni- 
ted with an .atom of oxygen, the atom of barium should weigh 64. 
and that of barytes 71.5. The second oxide probably contains an 
additional atom of oxygen ; and its atom, in that case, will weigh 
79. 



SECTION II. 

Strontites. . 

I. Stkontite9 (called also Strontia, from Strontian in Scotland, 
the place where it was first discovered, in combination with carbonic 
acid) resembles barytes in many of its properties ; and all that is in- 
cluded in the first three paragraphs of the last section may be ap- 
plied, also, to this earth. 

II. Like barytes, strontites is readily soluble in boiling water ; 
and the solution, on cooling, affords regular crystals ; but the shape 
of these differs considerably from that of barytic crystals. The crys* 
tals of strontites are thin quadrangular plates ; sometimes square; 
oftener parallelograms ; not exceeding in length, and not reaching 
in breadth, a quarter of an inch. Sometimes their edges are plain, 
but they, oftener consist of two facets, meeting together, and form- 
ing an angle like the roof of a house. They adhere to each other 
in such a manner as to form a thin plate, of an inch or more in length, 
and half an inch in breadth. Sometimes they assume a cubic form. 
. III. These crystals undergo, by the action of heat, much the same 
changes as those of barytes ; and leave only about 32 per cent, of dry 
Vol. I— D d 
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earth. One part of the crystals requires about 51* of water at the 
temperature of 60° for solution, but boiling water takes up half its 
weight Mr. Dalton supposes the crystals to consist of 1 atom of 
strontites and 12 atoms of water. 

IV. Boiling alcohol, with the addition of these crystals, burns 
with a blood red flame. 

' V. Strontites does not combine with alkalies. Barytes has no af- 
finity for it; for no precipitation ensues, on mixing the watery so- 
lutions of the two earths. 

From the preceding enumeration of its characters, it appears that 
strontites differs from barytes in the form of its crystals, which con- 
tain also more combined water, and are less soluble than those of ba- 
rytes; and also in affording;, with alcohol, a flame of different colour. 
These distinctions were deduced by Dr. Hope, from his excellent 
series of experiments on the two earths*. Other circumstances o£ 
distinction, derived from the properties of their respective salts, wilt 
be stated hereafter. 

Of the base of strontites or strontium*— Strontium may be pro- 
cured by exactly the same process as barium, substituting the na- 
tive carbonate of strontites for that of barytes. It was first obtained 
by Sir H. Davy in 1808, but in very minute quantities. It resem- 
bled barium, had not a very higjh lustre, was difficultly fusible, and 
not volatile. It was converted into strontites by exposure to air, or 
by contact with water. 

The product of its oxidation, strontites, Sir H. Davy thinks prob- 
able is composed of 86 strontium and 14 oxygen. In this case, 45 
would be nearly the weight of the atom of strontium, and 5&5 that 
of the atom of strontites* Stromeyer has lately deduced its campo- 
sition to be. 

Strontium 84.669 or 100.000 

Oxygen . , • • 15.331 18.107 

100. 

And, taking with Dr. Wollaston, 10 is the equivalent of oxygen, he 
makes the number for strontium to be 55S, and for strontites 65.2t« 



SECTION in. 

Lime. 

I. Its external qualities. — These may be exhibited in common 
quicklime! such as is employed for the purpose of building or agri- 

* See Edinburgh Transactions, vol. iv. 
tAnn.deCh.etPh.iii.39r. 
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culture. In the same state, it is sufficiently pure, for demonstrating 
its chemical properties ; but, when used for purposes of the latter 
kind, it should be fresh burnt from the kiln. For accurate experi- 
ments, it should be prepared by calcining Carara or Parian marble in 
a crucible for several hours. Its specific gravity is 2.3. It requires 
an intense heat for its fusion, and is not volatile. 
II. Relation of lime to water. 

(a) Lime absorbs water very rapidly with considerable heat and 
noise. This may be shown by sprinkling a little water on some dry 
quicklime. The above-mentioned phenomena will take place, and 
the lime will fall into powder, which has been called hydrate of lime. 
In this compound, the lime is to the water, according to Mr. Dal ton, 
as 2S to 8 ; acording to Davy, as 55 to 17; and to Berzelius, as J 00 
to 32.1. Some care, however, is necessary in its preparation, lest more 
water should fye added, than is essential to its constitution/ It affords 
a very convenient form of keeping lime, for occasional use in a la- 
boratory ; for the hydrat may safely be preserved in glass bottles, 
which are almost constantly broken by the earth in its perfectly dry 
state. The hydrat of lime differs from those of barytes and stron- 
tites, in retaining its water much less forcibly ; for the whole of it 
may be expelled dv a strong red heat 

The degree of neat, produced by the combination of lime with 
water, is supposed by Mr. Dalton to be not less than 800°, and is 
sufficient to set fire to some inflammable bodies; and when a large 
quantity of lime is suddenly slacked in a darkplace, even light, ac- 
cording to Pelletier, is sometimes evolved. The caloric, which is 
thus set at liberty, is doubtless that contained in the water, and es- 
sential to its fluidity. By combination wjth lime, water passes to a solid 
state, and probably even to a state of much greater solidity than that of 
ice. Hence, during this change, it evolves more caloric than during 
conversion into ice ; and hence even ice itself, when mixerl with 
quicklime, in the proportion of one to two, enters into a combination 
which has its temperature raised to 21£°. When a sufficient Quan- 
tity of water has been added to reduce lime into a thin liquid, this is 
called milk or cream of lime. 

Lime is, in some degree, convertible in to .vapour, by combination 
with water. When a piece of moistened paper, stained with the 
juice of the violet, is held in the steam,; which arises from lime sud- 
denly slaked* its colour is changed from blue to green. Hence the 
smell which is perceived during the slaking of lime. 

(b) Lime absorbs moisture from the atmosphere, and falls gradual- 
ly into powder, containing pure lime and water, in the proportion 
nearly of 100 to 32. 

(c) Lime is very sparingly soluble in water, viz. in the proportion 
of about 1 to 500 ; according to Thomson, 1 to 758 ; to Davy, 1 to 
450 ; and to Dalton, at 60° Fahrenheit, 1 to 778. The experiments 
of Mr. Dalton tend to establish a curious fact respecting the solu- 
bility of lime, viz. that it dissolves more plentifully in cold than in 
hot water. He has given the following table, the first column of 
which expresses the temperature of the water; the second, the num- 
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ber of grains of water, required to take up one grain of lime ; and 
the third, the number required to dissolve one grain of hydrate of 
lime. 

Grains of water Grains of water 

Temperature. that dissolve that dissolve 

1 gr. of lime. . *1 gr. of Hydrate. 

60° 778 584 

130° 972 . . . .720 

212° 1270 952 

At the freezing point, or nearly so, Mr. Dal ton thinks it probable 
that water would take up nearly twice as much lime, as is dissolved 
by boiling water. 

Lime, when thus dissolved, forms what has been termed lime-water. 
This solution tastes strongly of lime, turns vegetable blues to green, 
and unites with oil, forming an imperfect soap. To prepare the so- 
lution, lime is to be slaked to a thin paste, and a sufficient quantity 
of water afterwards added. The mixture is to be stirred repeated- 
ly, the lime allowed-to settle, and the clear liquor decanted for use. It 
must be preserved in closely stopped vessels, for reasons which will 
be stated in the chapter on carbonic acid. 

(d) When lime water is freely exposed to the atmosphere, the 
lime is precipitated from it in the state of a carbonate ; and it is, 
therefore, *not possible to obtain crystals of pure lime, by evaporat- 
ing lime water in the common way. Its crystallization, however, 
has been effected by Gay Lussac, by inclosing a vessel of lime water, 
and another of concentrated sulphuric acid, under the same glass 
receiver*. The evaporation of the water goes on quickly, especial- 
ly when the sulphuric acid is occasionally renewed, and small trans- 
parent crystals are obtained in regular hexahedrons, cut perpendi- 
cularly to their axes. They remain transparent when exposed to 
the air for a few days, and are then changed into carbonate of lime. 
By ignition in a glass tube, their water of crystallization is expelled, 
and they are proved to consist of 

Lime ........ 76.26 100 

water .••••.. /&£?./ 4 ........ 01.14 



100. 

These crystals agree, therefore, very nearly in composition with 
the hydrate (or hydroocure, as Gay Lussac proposes to call it) 
which is obtained by exposing quicklime to a damp atmosphere. 
This, if the atom of "water be taken at 8.5, would make the atom of 
lime 26.5, and that of the hydrate 35. Or, taking oxygen wiih 
Dr. Wollaston as 10, and the equivalent of water to be 1 1:32, the 
equivalent of lime will be 35.46, and that of the hydrate 46.78. 

Lime does not combine, in any notable proportion, with the alka- 
lies or earths already described, except by fusion. 

The base of lime, to which Sir H. Davy has given the name of 
calcium, he has never been able to examine, exposed to air or under 
naphtha. In the case, in which he was able to distil the quicksilver 

* Ann. de Chim. et Phys. i. 334. 
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from its amalgam, to the greatest extent, the tube unfortunately 
broke whilst warm ; and, at the moment that the air entered, the 
metal, which had the colour and lustre of silver, instantly took fire, 
and burnt, with an intense white light, into lime. 

There appears to be only one compound of calcium and oxygen, 
viz. lime ; and, in this, the oxygen is to the metal, according to Sir 
H. Davy, as 73 to 20. Berzelius electrified lime liquor in contact 
with mercury, and obtained an amalgam of mercury with calcium. 
On this, water was made to act ; and, from the quantity of lime that 
was formed, he estimated its composition to be, 

Calcium . . . 71.73 100 

Oxygen . . . 28.27 S9.4 

100 139.4 

This would make the atom of calcium to weigh 20, and the atom 
of lime 27.5, and of the hydrate 36. 



SECTION IV, 

t 

Magnesia. 

Magnesia possesses the properties of an alkali, but in a considera- 
bly less degree than any of the foregoing earths. Its characters are 
as follow: 

I. When perfectly pure, it is entirely destitute of taste and smell. 
Its specific gravity is between 2 and 3. 

II. No heat is excited by the affusion of water, and only a very 
small proportion, not exceeding a 2000th its weight, of earth is dis- 
solved. Magnesia appears, however, to have some affinity for water ; 
for when moistened, and afterwards dried, its weight is found in- 
creased in the proportion of 1 18 to 100. When precipitated by pure 
potash or soda from any of its salts, it falls down in union with water 
as a hydrate, which, when dried by a very gentle heat,, forms trans- 
parent masses. In this state, according to Day, it contains about \ 
of its weight of water ; or, according to Berzelius, 100 parts of mag- 
nesia absorb from 142 to 144 of water. 

III. Magnesia changes to green the blue colour of the violet ; but 
tVte watery solution of magnesia, when filtered through paper, does 
not produce a similar effect. In this respect it differs from lime. It 
reddens turmeric like the alkalies. 

IV. It is not dissolved by liquid alkalies, nor by alkaline earths; 
and in the dry way, it has no affinity for barytes or strontites. 

Hie base of magnesia, for which Sir H. Davy has proposed the 
term magnesium, is but imperfectly known. In the attempts to distil 
its amalgams, the metal seemed to act upon the glass, even before 
the whole of the quicksilver was distilled from it. In one experi- 
ment, in which the process was stopped, before the mercury was en- 
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tirely driven off, it appeared as a solid, having the same whiteness 
and lustre as the other metals of the earths. It sunk rapidly in 
water, though surrounded by globules of gas, and produced magnesia. 
In the air, it quickly changed, becoming covered with a white crust, 
and falling into a white powder, which proved to be magnesia. This 
«arth Berzelius states, in round numbers, to consist of S3 or 39 per 
cent, oxygen, and 61 or 62 magnesium. 



SECTION V. 

Silex. 

I. Siliceous earth, or silex, may be obtained tolerably pure from 
flints by the following process :— Procure some common gun-flints, 
and calcine them in a crucible in a low red heat. By this treatment 
they will become brittle, and easily reducible to powder. Mix them, 
when pulverized, with three or four times their weight of carbonate 
of potash, and let the mixture be fused in a strong red heat, in a 
crucible. The materials must bear only a small proportion to the 
capacity of the crucible ; and the heat must at first be very moderate, 
and slowly increased. Even with this precaution, the mass, on en- 
tering into fusion, will be apt to overflow ; and must be pressed down 
as it rises, by an iron rod. When this effervescence has ceased, let 
the heat be considerably raised, so that the materials may be in per- 
fect fusion during half an hour, and pour the melted mass on a cop- 
per or iron dish. We shall thus obtain a compound of alkali and 
siliceous earth. Dissolve this in water, filter the solution, and pour 
it into diluted sulphuric or muriatic acid. An immediate precipita- 
tion will ensue, and, as long as this continues, add fresh portions of 
the solution. In precipitating the alkaline solution of silex, more 
acid must be used than is sufficient to engage the alkali ; and the al- 
kaline liquor must be added to the acid, ana not the reverse; for, in 
the latter case, the precipitate will be glass, and not silex. Let the 
precipitate subside, pour off the liquor that floats above it, and wash 
the sediment with hot water, till it comes off tasteless. Then dry it. 

Silex, obtained by this process, though pure enough for the follow- 
ing experiments, may still contain a portion of alumine- To separate 
the latter earth, boil the precipitate with diluted sulphuric acid, to 
which a little sulphate of potash may be added. The alumine will 
thus be dissolved ; and the silex may be freed from the solution of 
alum by repeated washings with water. Even silex, however, that 
has been most carefully washed, still gives traces of potash on the 
application of electro-chemical powers. (Davy.) 

II. Siliceous earth, as thus obtained, has the following qualities; 

(a) It is perfectly white and tasteless. It is infusible by the in- 
tense heat of Voltaic electricity*,* but was melted by Dr. Clarke 

* Phil. Trans. 1815. p. 37U 
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with the oxygen and Hydrogen blow-pipe. To a certain degree it 
appears to be volatile, for a filamentous substance, collected from 
iron furnaces, resembling amianthus, was found by Vauquelin to be 
pure silex. 

(b) When mixed with water, it does not form a cohesive mass like 
alumine, and has a dry and harsh feel to the fingers. It retains, when 
fresh precipitated, about 26 per cent, of water, after being dried at 
70° Fahrenheit. But, according to Berzelius, this water is not chem- 
ically combined. 

' (c) It is insoluble in water. Yet, when fresh precipitated, water 
has the property of retaining in solution about one thousandth of its 
weight*. That silex, however, is dissolved in water by processes of 
nature, can scarcely be doubted, when it is considered, that it is 
found, in considerable quantities, in a crystallized form. 

(d) It is not acted on by any acid, except the fluoric. Sulphuric 
acid poured on this compound, according to Dalton, expels the fluo- 
ric acid, but does not unite with the silex. But though the earth it* 
self is not dissolved by acids, yet when first combined with an alkali, 
it unites with several acids, forming triple saltst. When fresh pre- 
cipitated, however, Dr. Marcet asserts, that it is sparingly soluble in 
most acids ; and, for this reason, he recommends* in analysis, to pre- 
cipitate silex tyy muriate of ammonia, which does not, like the acids, 
%'edissolve it 

(e) When prepared in the foregoing manner, and very minutely 
divided, silex is taken up by a solution of pure potash, or of soda, but 
not by ammonia. In the aggregated state of flints, however, it is per- 
fectly insoluble in this way by ajkaline solutions ; an excellent illus- 
tration of the principle that a very minute division of solid bodies, 
by presenting a greater surface to the action of fluids, facilitates so- 
lution. ( 

(f) When mixed with an equal weight of carbonate of potash, 
and exposed to a strong heat in a furnace, it forms a glass, insoluble 
in water, and identical in all its properties with the glass commonly 
manufactured. It is owing to the siliceous earth which it contains, 
that glass is decomposed by the fluoric acid. Glass, however, has 
occasionally other ingredients, besides the two that have been men- 
tioned}. 

(g) With a larger proportion of alkali, as three or four parts to 
one of silex, this earth affords a compound called by Dr. Black, sili* 
cated alkali. This compound, formed by the process which has been 
just described, is soluble in water, and affords a good example of the 
total change of the properties of bodies by chemical union; for, in a 
separate state no substance whatever is more difficult of solution than 
silex. The solution of silicated alkali was formerly termed, liquor 
silicum, or liquor of flints. Acids seize the alkali, and precipitate 
the silex, which is even separated by mere exposure to the atmos^ 

• See Klaproth's Contributions, i. 399, 400. f 81 Ann. de Chim. 239. 
t See Guyton, Ann. de Chim. vol. lxxiii. 
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phere, in consequence of the absorption of carbonic acid by the alkali. 
Without attention to the circumstances mentioned in speaking of its 
preparation, glass, and not silex, is separated by acids*. 

(h) Barytes, or strontites, and silex combine together, in a man- . 
ner similar to the union of this earth with alkalies ; but the combina- 
tion has not been applied to any useful purpose. 

(i) When a solution of silex in potash is mingled with one of 
barytes, of strontites, or of lime in water, or of alum in e in alkali, a 
precipitation ensues. Hence silex may be inferred to have an affinity 
for all these earths, in the humid way. The composition of these 
precipitates is stated by Mr. Dal ton in his System, p. 541. 

In consequence of its possessing a stronger affinity for alkalies and 
earths than for acids, as well as from its other habitudes, silex has 
been thought to present a closer analogy with acids than with earths, 
and in a chemical arrangement to be more properly placed in the 
former class, than in the latter. On the other hand, as it is deficient 
in some of the characters which have hitherto been deemed essential 
to acidity, I have not thought it expedient to remove it from the place 
which it has hitherto held in chemical arrangements. 

Base of Silex.— In his attempts to obtain the base of silex, or 
silicium, in a state of separation, Sir H. Davy has hitherto been un- 
successful ; though the results of his experiments leave little room to 
doubt that this earth is, like the rest, a metallic oxide. 

Berzelius decomposed silex, by fusing it with charcoal and iron 
in a blast furnace. He obtained an alloy of iron said silicium, which, 
by the action of a diluted acid, gave more hydrogen than the same 
weight of iront. This process was successfully repeated by Strom- 
bey er, and the properties of the different alloys investigated. He 
recommends the fusion of 7 parts of iron, 5 of silex, and from \ to 
T 8 ths of a part of soot. From the results of .acting on the alloy by 
dilute acids, Berzelius infers silex to consist of 

Silicium . . . 45.92 100 

Oxygen . . . .54.08 . . • . • 117.38 

100. 217.38 

: And Sir H. Davy deduces the proportions to be 31 of metal to 30 
oxygen. These numbers, however, can be considered in* no other 
light than as approximations ; but since, according to recent expe- 
riments}, three parts of potassium are required to decompose one 
of silex, that earth cannot contain much less than half its weight of 
oxygen. The base^ Sir H. Davy now believes not to be a metal but 
a substance most resembling boron ; and like it, bearing an analogy 
to charcoal, sulphur, and phosphorus. 

* 81 Ann. Ch. 179. See also his account of an attempt to analyze silica, in 
40 Phil. Mag. 201. 
t See Dalton, p. 538. t Phil. Trans. 1814, p. 67. 
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SECTION VI. 

Alumine. 

I. Mumine may be obtained free from other earths, but still com> 
bined with carbonic acid, by precipitating a solution of alum in water 
by the bi-carbonate of potash. To secure its complete purification 
from sulphuric acid, Guy ton advises that the precipitate be re-dis- 
solved in nitric acid, that nitrate of barytes be cautiously added to 
the solution, till it no longer occasions milkiness, and that the alu- 
mine be afterwards, precipitated, or separated from the nitric acid by 
heat*. Electro-chemical analysis, however, in this as in many other 
instances, shows the imperfection of the common methods of separa- 
ting bodies from each other ; for the most carefully prepared alumine 
yields the metals of soda and potash, when negatively electrified in 
contact with mercuryt. Berzelius, also, found that when alumine 
is precipitated either from the sulphate or nitrate, it -is contaminated 
with those acids ; but not with the muriatic, when thrown down 
from the muriate of alumine by ammonia. Gay Lussac recommends 
the preparation of alumine by exposing that kind of alum which has 
ammonia for its base, first to a gentle heat to expel the water of crys- 
tallization, and afterwards to a red heat, which leaves the alumine 

puref. 

II. Alumine has the following properties: 

1. It is destitute of taste and smell. 

2. When moistened with water, 'it forms a cohesive and ductile 
mass, susceptible of being kneaded into a regular form. It is not so* 
luble in water ; but retains a considerable quantity, and is, indeed* 
a hydrate, containing, when dried at the temperature of the atmos- 
phere, almost half its weight of water. Even after ignition, alumine 
has such an affinity for moisture, that it can hardly be placed on the 
'scale, without acquiring weight Berzelius found that 100 parts of 
alumine, after being ignited, sained 15} from a dry atmosphere, and 
33 from a humid one. For full saturation, 100 grains of alumine, he 
ascertained, require 54 of water§. / 

3. It does not affect blue vegetable colours. 

4. It is dissolved by the liquid fixed alkalies, and is precipitated 
by acids unchanged. In ammonia, it is very sparingly soluble. It 
is not soluble in alkaline carbonates. 

5. Barytes and strontites combine with alumine, both by fusion 
and in the humid way. In the first case, the result is a greenish or 
bluish coloured mass. In the second, two compounds are formed* 
The first, containing an excess of alumine, is in the state of an inso- 
luble powder; the other, haying an excess of the alkaline earth, re* 

* Ann. de Chim. xxxii. 64. 

f Davy, Philosophical Transactions, 1808* 

* Ann. de Chim etPhys. v. 101. 
§ 82 Ann. de Chim. 14, 

Vol. I^-E e 
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mains in solution. Alumine may be united, by fusion, with the fixed 
alkalies, and with most of the earths. 

6. Alumine, as will be afterwards shown, has a strong affinity for 
colouring matter. 

7. Alumine has the property of shrinking considerably in bulk, 
when exposed to heat, and its contraction is in proportion to the in- 
tensity of the heat applied. On this property is founded the pyro-' 
meter of Wedgwood, which measures high degrees of heat, by the 
amount of the contraction of regularly shaped pieces of china clay. 
The pieces of clay are small cylinders, half an inch in diameter, 
flattened on the under surface, and baked in a low red heat. The 
contraction of these pieces is measured, by putting them between 
two fixed rulers of brass or porcelain, twenty-four inches long, half 
an inch distant from each other at one end, and three tenths of an 
inch at the other. The rulers are divided into 240 equal Darts, call- 
ed degrees, which commence at the wider end ; and each of which 
is equal to 130° of Fahrenheit. When the clay piece is fixed in its 
place, before exposure to heat, it is stationary at the first degree, 
which indicates about 1077° of Fahrenheit After being strongly 
heated, in a small case which defends it from the fuel, its bulk is di- 
minished, and it slides down, between the conversing rulers, till 
stopped by their approach. The number on the graduated scale, op- 
posite to the upper end of the piece, indicates the degree of heat to 
which it has been exposed. In the appendix, rules may be found 
for reducing the degrees of Wedgwood's pyrometer to those of Fah- 
renheit's thermometer. It is proper, however, to remark that this 
instrument is a much less accurate measurer of heat than was long 
supposed ; and that its contraction is influenced not merely by the 
degree of heat to which it is exposed, but by the mode of its appli- 
cation. 

Almost every thing that has been said respecting the base of silex 
is true, also, of that of alumine ; for Sir H. Davy attempted the de- 
composition of the two earths by much the same processes. All that 
his results afford, is a strong presumption that alumine is a metallic 
oxide ; but its base, alumium, has not yet been obtained in such a 
state as to make it a fit object of investigation. Yet alloys have been 
formed, which give sufficient evidence of its existence ; and the 
jn-esence of oxygen in alumine is proved, by its changing potassium 
into potash, whenignited with that metal. 



SECTION VII. 

> Zircon. 

I. This earth was discovered by Klaproth in the year 1789, in a 
precious stone from the island of Ceylon, called Jargon or Zircon ; 
and has since been detected in the hyacinth. It may be obtained by 
the following process : 
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Reduce the hyacinth to fine powder, which may be done in an 
agate mortar, after previously igniting; the stone, and plunging it in- 
to cold water, to render it brittle. Mix the powder with nine times 
its weight of pure potash ; and project it, by a spoonful at once, into 
a red-hot crucible, taking care not to add fresh portions till the for- 
mer ones are melted. When the whole is in fusion, increase the 
heat for an hour, or an hour and a half. When the crucible has cool- 
ed, break it, and detach its contents ; reduce them to powder, and 
boil them with distilled water. Let the insoluble part subside ; de- 
cant the clear liquor, and wash the sediment with water, till the 
washings cease to precipitate muriated barytes. On the residuum 
pour muriatic acid to excess, and boil it during a quarter of an hour, 
filter the liquor, and evaporate to dryness in a leaden vessel. Re- 
dissolve the dry mass ; filter again, and precipitate the zircon with 
carbonate of soda. The carbonate of zircon is thus obtained, from 
which the carbonic acid may be expelled by calcination. 

IL Zircon has the following properties : 

1. .It has the form of a fine white powder, which has somewhat of 
the harsh feel of silex, when rubbed between the fingers. It is en- 
tirely destitute of taste and smell. Its specific gravity exceeds 4. 

£. It is insoluble in water ; yet it appears to have some affinity 
for that fluid, for it retains, when slowly dried after precipitation, 
one third its weight, and assumes a yellow colour and slight trans- 
parency, like that of gum arabic. 

3. It is insoluble in pure liquid alkalies ; norjdoes it even combine 
with them by fusion ; but it is soluble in alkaline carbonates. In the 
foregoing process, therefore 9 the carb6nate of soda should not be ad- 
ded to excess. 

4. Exposed to a strong heat, zircon fuses, assumes a light grey 
colour ; and such hard ne ass, on cooling, as to strike fire with steel, 
and to scratch glass, or even rock crystal. 

5. Its action on other earths has not been fully investigated. 

6. It is precipitated from its solutions in acids by triple prussiate 
of potash*. 

III. The base of zircon, or zirconum, is still unknown; though in- 
vestigated by Sir H. Davy in the same manner as the base, of silex. 
When potassium was brought into contact with ignited zircon, pot- 
ash was formed, and dark metallic particles were diffused through 
the alkali. 



SECTION VI1L 

Glucine. 

1. This earth was discovered by Vauquelin, in the year 1 798. 
He obtained it from the aqua marina or beryl, a precious stone of a 
green colour, and very considerable hardness, which is found crys- 
tallized in Siberia. Glucine has since been detected in the emerald 
of Peru, and in the gadolinite. The following process may be em- 
ployed to separate it from the beryl : 

* Klaproth, ii. 214. 
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Let the stone, reduced to a fine powder, be fused with three times 
its weight of pure potash. To the fused mass add a quantity of wa- 
ter, and afterwards diluted muriatic acid ; which last will effect a 
complete solution. Evaporate the solution to dryness, re-dissolve 
the dry mass, and add carbonate of potash so long as any precipita- 
tion ensues. Dissolve the precipitate in sulphuric acid ; add a lit- 
tle sulphate of potash ; and, on evaporation, crystals of alum will 
be obtained. By this process the alumine is detached. The residu- 
ary liouor, which yields no more crystals, contains the glucine, and 
a small portion of alumine. Add a solution of carbonate of ammonia 
to excess ; this will throw down the alumine, and the glucine will 
remain dissolved by the superabundant carbonate. When this solu- 
tion is evaporated to dryness, and moderately heated, the alkaline 
carbonate is expelled, and a carbonate of glucine remains, in the 
proportion of 16 parts from every 100 parts of the stone. 

II. Glucine has the following properties : 

1. It is a fine white and soft powder, resembling alumine in its 
sen ible properties ; and like that earth, adhering to the tongue. Its 
specific gravity is 2.97. 

2. It has no action on blue vegetable eel ours. 

3. It does not harden, or contract, like alumine, by heat ; and is 
infusible. 

4. It is insoluble in water, but forms with it a ductile paste. 

It is soluble in liquid potash and soda, but not in the solution of 
pure ammonia. In tnese respects it agrees with alumine. 

6. Glucine is soluble in carbonate of ammonia; a property distin- 
guishing it from alumine. 

7. It appears like alumine, to have an affinity for colouring 
matter. 

8. With the different acids it forms combinations, which have a 
sweet and rather astringent taste. Hence its name has been deriv- 
ed from >*uftVf signifying sweet. 

9. It is not precipitated by triple prussiate of potash. 

III. We have no knowledge of the base of glucine. When ob- 
tained, its proper denomination will be glucinum. The general 
fact of its existence is proved by igniting glucine with potassium, 
whiph is thus changed into potash. 



SECTION IX, 
Fttria, or Ittria. 

1. This earth was discovered in 1794, by Professor Gadolin, in a 
stone from Ytterby in Sweden ; and its title to the character of a pe- 
culiar earth rests, also, on the unquestionable authority of Klaproth 
and Vauquelin, both of whom have made it the subject of experiment. 
The following process for obtaining it, is described by Vauquelin in 
the 36th volume of the Annates de Chimie, p. 150* 
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Fuse the pulverized stone (called Gadolinite) in the manner al*- 
ready described, with twice its weight of potash ; wash the mass with 
boiling distilled water* and filter. The filtered solution, which has 
a beautiful green colour, yields, during evaporation, a black precipi- 
tate of oxide of manganese. When this has ceased to appear, allow 
the liquor to stand ; decant the clear part, and saturate with nitric 
acid. Let the insoluble part be, also, digested with extremely di- 
lute nitric acid, which will take up the soluble earths only, and. will 
leave, undissolved, the silex and oxide of iron. Let the two portions 
be mingled together, and evaporated to dryness ; then re-dissolved 
and filtered : by which means any remains of silex and oxide of iron 
are separated. To obtain the yttna from the nitric solution, it would 
be sufficient, jif no other earth were present, to precipitate it by car- 
bonate of ammonia ; but small portions of lime, and of oxide of man- 
ganese, are. still present along with it. The first is separated by a 
tew drops of carbonate of potash ; and the manganese, by the cau- 
tious addition of hydro-sulphuret of potash. The yttria is then to 
be precipitated by* pure ammonia, washed abundantly with water, 
and dried. It amounts to about 35 per cent of the stone. 

II. Yttria has the following, properties : 

1. It is perfectly white ; but it is difficult to preserve it free from 
a slight tinge of colour, owing to its contamination with oxide of 
manganese. 

& It has neither] taste nor smell; and it is smooth to the touch, 
like a! u mine. 

3. It is insoluble in water, and infusible except by an intense heat. 

4. It is very ponderous ; its specific gravity being 4.842. 

5. It is not attacked by pure alkalies ; and, in this respect, it dif- 
fers from glucine and alumine, both of which are abundantly solu- 
ble in fixed alkalies. 

6. Like glucine, it is soluble in carbonate of ammonia, but five or 
six times less so than that earth ; or, in other words, of equal quan- 
tities of glucine and yttria, the latter requires for solution five or six 
times more of the carbonate of ammonia than the former. 

7. It is soluble in most acids; and is precipitated by pure alka- 
lies, by barytes, and by lime. 

8. From these solutions it is also precipitated by the oxalic acid, 
and by oxalate of ammonia, in a state resembling fresh precipitated 
muriate of silver. Prussiate of potash throws it down in small white 
grains passing in a short time to pearl grey ; phosphate of soda in a 
white gelatinous form ; and infusion of galls in brown flocculi. 

9. Yttria, which has been a long time exposed to the action of fire, 
gives out chlorine gas, when dissolved in common muriatic acid ; 
thus manifesting one property of a metallic oxide*. 

: III. The base of yttria has not yet been exhibited in a separate 
form ; but the presence of oxygen in yttria is established by its con- 
Verting potassium into potash, when ignited with that metal. 

* Nicholson's Journal, xviii. 77. 
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SECTION X. 

Thorina. 

1. While analyzing some minerals from the neighbourhood of 
Fahlun in Sweden, Professor Berzelius found in the-nt a new earth, 
which he had also extracted, in the summer of 1815, from a species 
of gadolinite. In these it was combined with the flu ate of cerium 
and jttria* The pulverized mineral was first treated with concen- 
trated sulphuric acid, which decomposed the greater part of it, and 
expelled the fluoric acid. From this solution, sulphate of potash pre- 
cipitated the oxide of cerium, and caustic ammonia afterwards occa- 
sioned a farther precipitate. This, dissolved b^ long digestion in 
muriatic acid, consisted of the muriates of yttria and of the new 
earth. It was evaporated to dryness, in order to expel the excess 
of acid, and water poured over it to dissolve the muriate of yttria. 
The residue was subjected to the action of muriatic acid, and the 
solution accurately saturated by caustic ammonia. On adding water, 
and applying a boiling heat, a white gelatinous precipitate fell, which 
was collected on the filter. The liquor, that passed through the 
filter, was again saturated with pure ammonia, and heated to ebulli- 
tion, which occasioned a fresh precipitation of the same earth. This, 
when washed and gently dried, is the substance in question. 

II. 1. This earth, when dried, is perfectly white; it absorbs car- 
bonic acid, and dissolves with effervescence in acids. After calci- 
nation, its white colour remains unimpaired ; but if the heat has been 
strong, it is rendered less easily soluble in acids. The neutral solu- 
tions of it have a purely astringent taste, which is neither sweet, nor 
saline, nor bitter, nor metallic, a property in which it differs from all 
the earths except zirconia. 

2. When dissolved in a slight excess of sulphuric acid, and sub- 
jected to evaporation, it yields transparent crystals, which are not 
altered by exposure to the air, and have a sweet astringent taste. 

3. It dissolves readily in nitric and muriatic acids, but does not 
afford crystallizable salts. When precipitated by pure alkalies, it 
absorbs carbonic acid from the air with avidity ; and the alkaline 
carbonates throw it down, in combination with the whole of their 
carbonic acid. It is precipitated by the oxalate, tartrate, and ben- 
zoate of ammonia. Succinate of ammonia occasions a precipitate, 
which is immediately re-dissolved; and ferro-prussiate of potash 
throws down a white precipitate, which is soluble in muriatic acid. 

4. It is not soluble, even when freshly precipitated and at a boil* 
ing temperature, by the pure alkalies. The alkaline carbonates dis- 
solve it, but much more sparingly than any other earth on which 
they are capable of acting. 

5. It is not reducible, when strongly heated in contact with char- 
coal. Before the blow-pipe, it cannot be brought into fusion. With 
borax or phosphate of soda, it fuses into a transparent glass, but is 
infusible with soda. . 
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Messrs. Gahn and Berzelius having been accustomed to speak of 
this earth under the name of Thornia (from Thor, a Scandinavian 
deity), we may distinguish it by this name, till a more appropriate 
one shall be pointed out. 

Thorina differs from the other earths in the following properties : 
From alumine and glucine, by its insolubility in liquid potash ; from. 
yttria,by its solutions being purely astringent to the taste, without 
any sweetness, and by the property of being precipitated at a boiling 
heat, except when prevented by too great an excess of acid. It dif- 
fers from zirconia in the following respects : 1st, Because, after 
being ignited, it is stil I soluble in acids. 2d, It is not precipitated by 
sulphate of potash, which throws down zirconia, even from solutions 
containing a considerable excess of acids. Sd, Thornia is precipe 
tated by oxalate of ammonia, which is not the case with zirconia* 
4th, Its combination with sulphuric acid crystallizes readily, while 
sulphate of zirconia forms, when pure and dried, a gelatinous mass, 
without any trace of crystallization. 



CHAPTER X. 

OF ACIDS IN GENERAL. 

The terra acid is applied to all bodies that possess one or more 
of the following properties. 

1. The acids nave a peculiar taste, which is expressed in common 
language by the term sourness. This is very different, as to its de- 
gree, in different acids. In some it is so intensely strong, that they 
cannot be abptied to the tongue without producing pain ; and it cha- 
racterizes them, even when diluted with several hundred times their 
weight of water. The sourness of others is such only, as to render 
them agreeable to the palate. 

2. The acids redden blue vegetable colours ; and they possess this 
property even when greatly dilated. Hence blue vegetable infu- 
sions, or papers stained with them, become tests of the presence of 
uncombined acids. A single drop of sulphuric acid is capable of 
reddening a large quantity of water coloured with litmus, or with 
syrup of violets. 

3. The acids combine chemically with alkalies, earths, and metal- 
lic oxides ; and totally destroy the peculiar qualities of those bodies. 
Let a few ounce-measures of water be tinged blue with syrup of 
violets ; add a few drops of solution of potash, and the colour will 
be changed to green ; then drop in, very slowly and cautiously, sul- 
phuric acid much diluted, and the blue colour will be restored. At 
this point, neither the acid nor the alkali is in excess, as they are 
said to neutralize each other ; and, on farther examination, it will be 
found that the other characteristic qualities of the components have 
ceased to be apparent in the compound. 

It is not necessary, however, in order to entitle a body to rank 
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among the acids, that it should possess all the qualities which have 
been enumerated. The prussic acid, for example, is neither sour to 
the tastte, nor does it redden blue vegetable colours ; but yet, from 
its manifesting the properties of chemical combination, enumerated 
under the third head, it is arranged among the acids. Other bodies, 
again, are excluded (though perhaps improperly) from this class, 
whicb possess, partly, the characters of acids. Thus sulphureted 
hydrogen changes the blue colours of vegetables to red; and com- 
bines chemically with alkalies and earths. 

All the acids were inferred by Lavoisier, from analogy with those 
which had already been decomposed, to contain oxygen, which was 
considered, by that distinguished philosopher, as the general princi- 
ple or cause of acidity. Since the brilliant discoveries of Sir H. 
Davy, we may, with equal justice, consider oxygen as the general 
principle of alkalinity. And besides, it has been lately proved with 
respect to tellurium and to the new substance iodine, and has been 
rendered highly probable with respect to chlorine, that these bodies 
afford acids, not only by uniting with oxygen, but also by combining 
with hydrogen. Sulphur, also, by combination with .hydrogen, ac- 
quires many characters of an acid ; and a compound base of carbon 
and nitrogen, called cyanogen, has been shown by Gay Lussac tp 
form prussic acid by the addition of hydrogen. The theory, there* 
fore, that oxygen is essential to acidity, must be abandoned. But it 
is still, important to know that most of the acids contain oxygen ; 
because it explains many of their most interesting qualities, depend- 
ing on the transfer of oxygen from the acids to the bodies on which 
they act. 

The peculiar properties of each acid are derived from the com* 
bustible base, with which the oxygen is united ; and so, also, is 
its specific name. Thus sulphur, when oxygenated, affords sulphuric 
acid ; carbon, carbonic acid ; and so of the rest. But the same com- 
bustible base admits of being combined with different proportions of 
oxygen ; and the compounds, thus generated, are distinguished by a 
very different train ot qualities. Sulphur, for example, when com- 
bined with the full proportion of oxygen, with which it is capable of 
uniting, affords a very dense and corrosive acid, called the sulphuric ; 
when oxygenated in a less degree, it yields a penetrating and suffo- 
cating gas called the sulphurous acid. By these two> terminations, 
the degree of oxygenation are distinguished. Thus we have the phos- 
sphortc and phosphorous acids, the nitric and nitre*? ; the termination 
ic denoting an acid with its full proportion of oxygen. In some cases r 
a combustible base, which affords an acid when.firjly oxygenated, con- 
stitutes only an oxide when combined with a less quantity of oxygen. 
Carbon, for example, affords carbonous oxide and carbonic acid, but 
so far as is hitherto known, no intermediate product. 

The following table exhibits the compounos, which result from the 
oxygenation of the principal combustible bases. It is introduced in 
this place, chiefly to show that the oxygen in the more highly oxygen* 
ized compounds lis in quantities, which are ample multiples, ef 
those in the less oxygenized compounds. 
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carbonic acid, 
carbonous oxide, 
sulphuric acid, 
sulphurous acid, 
persulphurous acid ? 
nitric acid, 
nitrous acid, 
nitric oxide, 
nitrous oxide* 
phosphoric acid, 
phosphorous acid. 



It is in consequence, of the oxygen, which, thev contain, that se- 
veral of the acids are decomposed by inflammably substances, with 
the disengagement of intense heat and light; or that the acids are 
(as they have been termed by Dr. Thomson) sqfgMrfer* of combustion. 
This property belongs most remarkably to those, acids, in which ox- 
ygen is most weakly combined. Thus the nitric acid retains its ox- 
ygen so feebly, that many inflammable substances, when merely in- 
troduced into it at the ordinary temperature of the atmosphere, take 
fire and burn with vehemence. It is not, however to be understood 
that oxygen, and the compounds into which it enters, are the only 
supporters of combustion, for chlorine, iodine, and probably fluo- 
rine, belong also to the same class of bodies. « 

All acids in a solid or liquid state, it has been observed by Ber- 
zelius, contain water as an essential element, and do not abandon it 
without decomposition. Sulphuric and nitric acids, for example, 
cannot exist independently of water. In acids that are capable of 
assuming a solid form, water appears to exist in two states, as a 
base essential to the constitution of the acid, but yet incapable of 
neutralizing its acid properties ; and as water of crystallization. 
Thus the citric acid in crystals contains 21 per cent, of water, of 
which only one third can be expelled by heat without destroying the 
acid. A different view, however, of this subject has been lately 
taken by Dr. Murray*, who considers the oxygen and hydrogen in 
all acids which are thus constituted, as existing, not in the state of 
water, but of ternary combination with the elements of the acid, and 
as together conferring acidity. For example, liquid sulphuric acid 
he regards not as a compound of real sulphuric acid and water, but 
as a ternary compound of sulphur, oxygen, and hydrogen. Acidity, 
it would appear, therefore, which is sometimes dependant on oxygen, 
and sometimes on hydrogen, is in other cases (and those often of 
acids of a high degree of intensity), the result of the combined 
operation of the two principles. 

Every acid, with a few exceptions, is capable of uniting with each 
individual of the classes of alkalies, earths, and metallic oxides. 
In these compounds, the separate qualities of the component princi* 

* See m> paper on muriatic acid. Edinburgh Trims. 
Vol. I.^F.f 
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pies are in many instances no longer apparent, and hence they have 
been called neutral salts. In every salt, then, there are present two 
distinct ingredients. The acid, of whatever kind it may be, has 
been denominated, by Lavoisier, the salifying principle; and the 
body, with which the acid is combined, whether an alkali, an earth, 
or ah oxide of any of the common metals, the salifiable base, or sim- 
ply the base* The salts, formed by an individual acid with all these 
different bases, may be considered as a genus or class ; and may be 
distinguished by a generic name, expressive, in part, of their compo- 
sition. This generic name is taken from that of the acid. The com- 
bination of sulphuric acid, for instance, with any base, is called a 
sulphat or sulphate; of phosphoric acid & phosphate; and so of the rest. 
The name of the individual salt is derives from that of the base. 
Thus we have the sulphat of potash, the sulphat of soda, &c. But 
sulphur, phosphorus, and other bodies, it has already been observed, 
are susceptible of different degrees or stages of oxygenation ; and 
afford, in these different stages, acids which are characterized by a 
peculiar train of properties. The compounds, also, which result 
from the union of two different acids, having the same combustible 
base* with alkalies and earths, are altogether different from each 
other. The salt, for example, which sulphuric acid affords with 
potash, is wholly unlike that which results from the combination of 
sulphurous acid with the same base. It was necessary, therefore, to 
distinguish the compounds of the more oxygenated from those of the 
less oxygenated acid ; and this has been done by changing the ter- 
mination from ate to ite. Thus the salts, formed with sulphurous 
and phosphorous acids, are called sulphites and phosphites; as sul- 
phite of potash, phosphite of soda, &c. 

An important law nas been deduced, by Berzelius, respecting the 
combination of acids with bases, viz. that the quantities of different 
bases, required to saturate a given quantity of any acid, all contain 
the same quantity of oxygen. For example, 100 parts of sulphuric 
acid are saturated by a quantity of any base, containing 20 parts of 
oxygen; and 100 parts of muriatic acid by a quantity of base, which 
holds in combination 30.49 parts of oxygen. These proportions do 
not seem to be changed by varying the state of oxygenation in the 
acid ; for sulphites absorb oxygen to become sulphates, and still re- 
main neutral ; the phosphites, when changed into phosphates, give 
up phosphorus, and continue neutral. It would appear, therefore, 
that the proportion between the oxygen of the acid, and that of the 
base, is regulated by the proportion of the combustible ingredients of 
the acid and base to each other. In sulphurets, for example, the 
metal and sulphur are in such proportion, that when both are oxy- 
genated, the oxide, resulting from the one, precisely saturates the 
acid, resulting from the other. These facts strongly confirm the 
atomic theory, and cannot, indeed, be explained by any other. 

Hitherto, we have considered the compounds of acids with their 
respective bases only in the state of neutral compounds, in which 
neither the acid, nor the base predominates. But we have several 
instances, in which a neutral compound is susceptible of uniting 



CHAP. X. " OF AG IDS IN GENERAL. ' 227 

with an additional quantity of acid or of base, and thus of acquiring 
an entirely new set of properties. Potash and tartaric acid, for ex- 
ample, when united in the proportions which neutralize each other, 
compose an extremely soluble salt, which has no action on vegeta- 
ble colours ; but with a double proportion of acid, a salt is formed, 
which requires a large quantity of water for solution, has an acid 
taste, and instantly reddens vegetable blue colours. 

To distinguish this and other other similar salts, the epithet acidu- 
lous was first proposed ; but, for the sake of brevity, it has now be- 
come customary to prefix the Latin preposition super. Thus we 
have the swper-tartrate of potash ; the super-sulphate of potash ; &c. 
On the contrary, when the base is predominant, we denote the de- 
ficiency of acid by the preposition sub, as sub-carbonate of potash, 
sub-borate of soda, &c. In the instance of the compounds of oxalic 
acid with potash, Dr. Wollaston has employed the words binoxalate 
and quadroxalate, to express the proportions in which the acid 
unites with the base ; and this method of nomenclature he has ex- 
tended to other salts, formed by the union of an acid and base in 
different proportions. There are several cases, however, in which 
it is extremely diQkult to decide, whether a salt is to be classed 
among neutral, or among sub or super salts*. 

Thore are few instances of salts with compound bases; and in 
cases of this kind it is customary to annex to the generic name those 
of both the bases. Thus, for example, we have the tartrate of potash 
and soda, the phosphate of ammonia and magnesia, or as it is some- 
times called, ammoniaco-magnesian phosphate. 

In no part of chemistry is the advantage of the new nomenclature 
more sensibly experienced, than in the class of neutral salts ; for the 
number of these compounds is susceptible of being multiplied to an 
immense extent. If the knowledge of the name did not lead to that 
of the compound, scarcely any memory would be adequate to retain 
them. But by changing the arbitrary titles, formerly assigned to 
them, for names expressive of their composition, we are furnished 
with a kind of artificial memory, which renders their recollection per- 
fectly easy. Thus for the terms, butter of antimony, sugar of lead 
and Glauber's salt, are now substituted the more appropriate epi- 
thets' of muriate of antimony, acetate of lead, and sulphate of soda. 

Of those acids, which are supporters of combustion, a few retain 
the same property even in combination. Nitrate of potash, it is well 
known enters into active inflammation with charcoal, sulphur, and 
other combustible bodies. This is owing to the quantity of oxygen 
which the nitric acid contains, and which is less strongly attracted 
by the nitrogen than by the newly added body. 

Other properties, general to the class of salts, have already been 
described in the section on cohesion ; especially their solubility, and 
their crystallization. On this last subject, it is necessary to add 
the general law deduced by Berzelius, viz. that in all salts, the wa- 
ter of crystallization contains a quantity of oxygen either equal to 

* See the remarks of Berzelius, Ann. de Chira. Lcxix. 264, and btxxii. 22$. 
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that of the base ; or a multiplication of it by t, % 3, 4, &c. as far as 
10 ; or a division by the same numbers. In sub-carbonate of sock, 
and muriate of ammonia, the quantity of oxygen in the water, is 
equal to the oxygen in the base ; in muriate of barytes, and in sul- 
phates of ammonia and lime, the oxygen of the water is double that 
of the base ; in green sulphate of iron, the oxygen of the water is 
seven times that of the oxide of iron ; and, lastly, in carbonate and 
phosphate of soda, it is ten times that of the base*. 

The decrepitation of salts when suddenly heated, or expulsion of 
water from them with noise, is owing probably to the water being 
held not chemically but mechanically ; for it is observed only in 
salts, which contain too small a quantity of water, to allow its being 
considered as an essential element ; such as sulphate of potash, and 
muriate of soda. 

The deliquescence of salts has been observed by Gay Lussac to 
bear proportion to the temperature, at which saturated solutions of 
the respective salts boil. The more deliquescent the salt, the 
higher is the boiling point of its solution ; ana if not deliquescent at 
alf, the boiling point of the solution is the same as that ot watert. 

Having premised these general observations respecting the acids 
and their compounds, I shall proceed to the history of the different 
acids, and of the compounds which they yield with the several alka- 
line and earthy bases. Under each head, I shall first enumerate the 
properties of the base of the acid ; and its combinations with such 
other combustible bodies, as may already have been introduced to 
the reader's notice. 



CHAPTER XI. 

CARBONIC ACID AND ITS BASE.— CARBONATES*— BINARY COMPOUNDS 

OF CARBON. 

The bodies, which form the subject of this chapter, will be des- 
cribed in the following order : 

I. Carbon, and its various modifications. 

II. The compound of carbon and oxygen, in its highest state of 
oxygenation, constituting carbonic acid ; and, connected with it, 
the class of salts called carbonates. 

III. The oxide of carbon, or rARBONous oxide, a compound 
containing less oxygen than exists in carbonic acid. 

IV. The various combinations of carbon and hydrogen, termed 

CARBURETED HYDROGEN. 



SECTION I. 

Carbon and Charcoal. 

It had long been admitted as an established truth, chiefly on the 
evidence of the experiments of GuytonJ, that the diamond is the on* 

, *80Ann. deCMm. 187, note. t82Ann.deChim.171. *AnndeChiin.xxxL 
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ly form of pure carbon ; and that charcoal is a compound of carbon 
, and oxygen, or an oxide of carbon. The important experiments of 
Messrs. Allen and Pepys have suggested, however, that the diamond 
and charcoal, though so widely remote from each other in external 
characters, are, as to their chemical nature, identically the same ; 
and that the difference between them, in all probability, results 
merely from the respective states of aggregation of their particles. 

Some doubts, it must be confessed, were thrown on this conclu- 
sion by an experiment of Sir H. Davy, in which an inflammable gas 
was obtained, by igniting charcoal, in a Toricellian vacuum, by a 
powerful Voltaic battery. But the hydrogen, thus, evolved, may rea- 
sonably be ascribed to water, from which it is extremely difficult to 
free charcoal. The absence of oxygen from charcoal .was proved, by 
heating it with potassium, for no potash was produced ; but when 
. potassium was heated with diamond, there was an indistinct appear- 
ance of the production of that alkali. The recent experiments of 
the same philosopher* tend to establish, that charcoal invariably con- 
tains either hydrogen or water ; for when it is burned in pure and 
dry oxygen gas, some moisture is always deposited. The quantity, 
however, is so small, that hydrogen cannot exist in charcoal as an 
essential ingredient, or in any definite proportion. The diamond 
- , appears to be absolutely free both from water and hydrogen ; and it 
is in this respect only, and in the mechanical arrangement of its par- 
ticles, that we have any evidence of its differing from charcoal. If 
proof were wanted of the identity of the two substances, it is fur- 
nished by the fact that the diamond converts iron into steel, under 
circumstances 'quite free from all sources of fallacyt. 

To obtain charcoal free from contamination, pieces of oak, willow, 
hazle, or other woods, .deprived of the bark, may be buried in 
sand in a crucible, which is to be exposed, covered, to the strongest 
heat of a wind-furnace. For purposes of accuracy, charcoal must 
be used when recently prepared, and before it has had time to be- 
come cold ; or if it cannot be had fresji made, it must be heated again 
to redness, under sand in a crucible. 'v^ . 

A remarkably pure charcoal may be^btained, by passing the va* 
pour of oil of turpentine, or of spirit of vv^ne, through a red-hot tube. 
It then appears in the form of a black impalpable powder. In the 
experiments of Sir H. Davy, this sort of charcoal, by combustion in 
oxygen gas, gave a much smaller product of moisture than any other. 
From 100 parts of each of the following woods Messrs. Allen and 
.. Pepys obtained the annexed quantities of charcoal ; viz. from fir, 
18.17 ; lignum vitas, 17.25 ; box, 20.25 ; beech, 15 ; oak, 17.40 ; ma- 
hogany, 15.75. 
Charcoal has the following properties : 

1. In its aggregated state it is black, perfectly insipid, and free 
from smell; insoluble in water, brittle, and easily pulverized. In 
close vessels, and entirely secured from contact with air, it is un- 
changed by any degree of heat. A gas, however, may be collected 
from it by distillation, which consists of hydrogen ana carbon, and 

* PW). Trans. 1814, p. 557. t Phfl. Tnms. 1815. p. 371. 
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perhaps a little oxygen. Berthollet has found, also, in the aeriform 
products of its distillation, a considerable proportion of nitrogen*. 

2. Charcoal has the singular property of absorbing gases without 
alteration. Fill a jar with common air, or any other gas, and place 
it over dry mercury : take a piece of charcoal, red-hot from the fire; 
and plunge it in the mercury of the bath ; when cold, let it be pas^ 
ed into the vessel of gas, without bringing it into contact with the 
atmosphere. A considerable diminution of the gas will be effected ; 
and in 24 or 36 hours will be completed. 

Count Morozzo has given the following table of the quantity of 
different gases absorbed, in the foregoing manner, by charcoal. In 
each experiment, he employed a piece of that substance I inch long 
and | of an inch diameter. The receiver containing gas was IS 
inches long and 1 inch diameter. 

Oas absorbed. Inches. 

Atmospheric .....*.. 3£ 

Carbonic acid f. 11 

Ammonia . . . . ; 11 

Muriatic acid 11 



Gas aborbed. Inches. 

Nitrous ............ 6£ 

Hydrogen 2 T f T 

Oxygen 2£ 

Sulphurous acid 5>\ 



Sulphureted hydrogen . . . 11 

This property of charcoal has been made the subject of a valua- 
ble set of experiments by Saussuret. Charcoal of boxwood he found 
to absorb, of 

Volumes. 

Ammoniacal gas 90 

Muriatic acid 85 

Sulphurous acid * . 65 

Sulphureted hydrogen 55 

Nitrous oxide 40 

Carbonic acid • . . . 35 

defiant gas . . . . 35 

Carbonic oxide 9.42 

Oxygen • . . ^~*. . 9.25 

Azote '. . . fa 7.5 

Hydrogen . t .'. 1.75. 

Most of the phenomena attending fthis absorption have already 
been described, in speaking (chap. v. sect, i.) of the absorption of 
gases"by solids. It appears to be entirely a mechanical effect ; for 
even those gases that nave an affinity for charcoal f hydrogen and 
oxygen for instance), are given out unchanged at the neat of boiling 
water. The densest and heaviest kinds of charcoal are most remar- 
kable for this property, which is much diminished by pulverizing 
them ; and does not exist at all in plumbago or in stone coal. 

3. From the experiment of Rouppe*, it appears, that if charcoal, 
which has imbibed oxygen gas, be brought into contact with hydro- 
gen gas, water is generated ; but Saussure, by a careful repetition of 
it, could not obtain the same result. 

• * 

* Memoires d'Arcueil, ii. 484. f Thomson's Annals, vi. 24»1, 

i Ann. de Chim. xxxii. 1. 
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. 4, -Charcoal, by long exposure to the atmosphere, absorbs one 
twentieth of its*weight, three fourths of which are water*. 

The charcoal of different woods, Messrs. Allen and Pepys found 
to increase very differently in weight ; that from fir, gaining, by a 
week's exposure, 13 per cent; that from lignum vitce, in the same 
time, 9.6; from box 14; beech, 16.3 ; oak, 10.5; mahogany, 18. The 
absorption goes on most rapidly during the first 24 hours; and by 
much the largest part of what is absorbed consists of water merely. 
5. Charcoal resists the putrefaction of animal substances. A piece 
of flesh-meat, which has begun to be tainted, may have its sweetness 
restored by rubbing it daily with powdered charcoal ; and may be 
preserved sweet for some time by burying it in powdered charcoal, 
which is to be renewed daily. Putrid water is also restored by the 
application of the same substance ; and water way be kept unchanged 
at sea, by charging the inner surface of the casks which are used to 
contain itt. It produces, also, a remarkable effect in destroying the 
taste, odour, and colour of many vegetable and animal substances.' 
Common vinegar, by being boiled on it, is rendered perfectly limpid. 
Rum and other varieties of ardent spirit, which are distinguished 
by peculiar colours and flavours, lose both by maceration with pow- 
dered charcoal. The colour of litmus, indigo, and other pigments, 
dissolved or suspended in water, is destroyed. Putrid animal fluids, 
and air contaminated with offensive fumes, are, also, completely de- 
prived of their odour. These effects are most readily produced by 
animal charcoal}. 

6. Charcoal is a very slow conductor of caloric. The experiments 
of Guyton have been determined, that caloric is' conveyed through 
charcoal more slowly than through sand, in the proportion of three to 
two. Hence powdered charcoal may be advantageously employed 
to surround substances which are to be kept cool in a warm atmos- 
phere : and also confine the caloric of heated bodies. 

7. The weight of the atom of charcoal is inferred by Mr. Dal ton to 
be 5.4, that of oxygen being 7. But if the weight of the atom of ox- 
ygen be corrected to 7.5, the atom of charcoal will then weigh 5.8. 
The evidence in favour of this conclusion will be stated in the follow- 
ing section. The specific gravity, which it would have, if reducible 
into a vaporous form, is calculated by Gay Lussac to be 0.416. 



SECTION II. 

Combustion of Carbon. 

,If a small piece of charcoal be exposed red-hot to the common at- 
mospheric air, it exhibits scarcely any signs of combustion, and soon 
becomes < coid^ Sir H. Davy has indeed lately observed that dry 

f Clement and Desorms. f L<m tz > Ann. de Chira. torn, xiv. 

.* 79 Ann. de Chim. 80 ; Joura. of Science, &c. iv. 367. 
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charcoal converts oxygen gas pretty rapidly, though imperceptibly, 
into carbouic add, it kept at a temperature a little above the boiling 1 
point of quicksilver*. And if a piece of charcoal, heated to about 
800° or 1000 a Fahrenheit, or nearly to redness, be introduced into 
a receiver fitted with oxygen gas, it continues to burn with greatly 
increased splendour, and with bright scintillations. If the charcoal 
be pure, and its proportion rightly adjusted, it is entirely consumed. 
When the quantity burnt is considerable, a manifest production of 
water takes place, and the inner surface of the glass vessel becomes 
covered with moisture, which disappears, however, on standing. This 
portion of water owes its origin to the union of oxygen with the hydro* 
gen, which, it appears from Sir H. Davy's experiments, and from the 
results of its distillation, all charcoal contains. 

The diamond, also, which was formerly considered as an incombus- 
tible substance, may be consumed by a sufficiently intense heat, even 
in atmospherical air. The Florentine academicians, in the year 
1694, appear first to have ascertained this fact, by exposing dia- 
monds to the focus of a powerful burning lens. Their experiment 
has been repeated by subsequent chemists, with various modifica- 
tions. It has been found by Sir George Mackenzie that diamonds 
burn when exposed on a muffle, to the temperature of about 14° Wedg- 
wood. In oxygen gas the diamond takes fire, when the focus of a 
powerful lens is thrown upon it; and continues to burn, though re- 
moved out of the focus, with a steady brilliant light, visible in the 
strongest sunshinet. The portion of diamond, which remains un- 
consumed, is not rendered black, as has been asserted, but is 
found to have lost its lustre, like glass acted on by fluoric acid. 
When the vessel has become cold, no production whatsoever of mois- 
ture is visible. By effecting its combustion in this way, Guyton 
thought he had determined that the diamond, in an equal weight, 
contains more real carbon than exists in common charcoal. His ex- 
periments, however, have not been confirmed by those of subsequent 
chemists. One fact, however, has been contributed on this subject 
by Guyton, which is of considerable value. The diamond, he first 
ascertained, is destroyed when thrown into red-hot and melted nitre ; 
and this property, it will afterwards appear, has been succesfully ap- 
plied by Mr. Tennant to the detemination of the nature of the dia- 
mond, and of the proportion of ingredients in carbonic acid. 

To collect the products of the combustion of carbon, requires ra- 
ther a complicated apparatus. Lavoisier burnt charcoal in a known 
quantity of oxygen gas, which was confined by mercury, the char- 
coal being set on fire by a bent iron wire heated to rednesst. Messrs. 
Allen and Pepys collected the products of the combustion of 
charcoal and of the diamond, by burning them separately in 
a platinum tube* set horizontally in a charcoal furnace, and con- 
nected, at each extremity, with a mercurial gazometer. An idea 
of this arrangement will best be obtained by imagining that to each 

*S2^S « t Davy, in Phil. Trans. 18H. 

4 Uaements of Chemistry, pi. iv. fig, 3. 
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end of the tube c, fig. 40, the pipe b of a gazometer, like that 
shown fig. 35, is connected. At the outset of the experiment, 
one of the gasometers was filled with a known quantity of the 
purest oxygen gas, and the other was empty. The tube was then 
made red-hot; and the gas, being forced alternately from one 
gazometer to the other, was repeatedly brought into contact with 
the red-hot charcoal or diamond. The volume of the gas was found 
to be entirely unaltered ; but it had received an addition to its weight, 
precisely equal to what the charcoal or diamond, on weighing, was 
ascertained to have lost; and it was partly converted into a gas, to- 
tally different in its properties from oxygen gas, and called carbonic 
acid. It appears, therefore, that oxygen gas, by conversion into 
carbonic acid, undergoes neither expansion nor condensation. This 
conclusion is farther established by the recent experiments of Sir 
H. Davy, on the combustion of the diamond in oxygen gas. 



SECTION III. 

Carbonic Acid. 

From the quantity of charcoal or diamond consumed in the ex- 
periments of Allen and Pepys, and the quantity of oxygen converted 
into carbonic acid, it is easy to infer the proportion of carbon and 
oxygen in the new compound. Reducing these to centesimal pro- 
portion, for every 28 or 29 grains of the combustible base which dis- 
appeared, 100 grains of carbonic acid (= about 201 cubic inches) 
were generated ; and it is remarkable that these proportions agree 
exactly with those originally stated by* Lavoisier. The same quanti- 
ty of carbonic acid resulted, also, from the combustion of between 
£8 and 29 grains of diamond. Hence it may be inferred, that the ac- 
tual quantity of carbon in equal weights of diamond and charcoal is 
precisely the same ; and the charcoal is not, as has hitherto been 
supposed/ an oxide of carbon. If this inference required confirma- 
tion, it is furnished by its agreement with Mr. Tennant's experiments 
on the combustion of the diamond, published in 1797. Two grains 
and a half of diamond (this philosopher found), when, consumed in a 
tube of gold by means of nitre, gave nine grains of carbonic acid, 
which, in 100 parts should contain, therefore, as nearly as possible, 
28 parts of diamond or carbon. The mean of a number of Messrs. 
Pepys and Allen's experiments give the following statement of the 
composition of carbonic acid : 

' Carbon ......... 2860 100 

Oxygen 71.40 ........ 250 

100. 
It is remarkable, also, that these numbers are precisely those, 
which result from . the experiments of Clement and Desormes* 

* Ann. de Chim. xXxxx. 42. 
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They differ, however, a little, from those of Saussure, jun., who 
states the carbon in 100 grains of carbonic acid at between 27.04 and 
27.38 grains. The results of Gay Lussac, which are conformable 
with the views of Berzelius, and, as nearly as possible, with those of 
Dr. Wollaston, are, 

Carbon ... 27.376 ... 100 37.55 

Oxygen . . . 72.624 . . . 265.12 . . . N 100. 

100. 355.12 137.56 

Mr. Dalton assumes the composition of carbonic acid to be, in 
round numbers, 28 of charcoal and 72 of oxygen ; from whence he de- 
duces the weight of the atom of charcoal to be 5.4; But if the 
atom of oxygen weigh 7.5, and if the proportions of Gay Lussac 
be correct, the atom of charcoal will weigh 5.65, and that of carbonic 
acid (considering it as a ternary compound of two atoms 6f oxygen 
and one of charcoal) will be 20.65. 

In addition to the proofs of the constitution of carbonic acid, de- 
rived from its synthesis, we have also the evidence of its analysis, 
which may be effected by several processes. 

1. By passing a succession of electrical discharges through a 
quantity of carbonic acid gas confined over mercury, I have found 
that the gas is separated into oxygen, and a gas called carbonous 
oxide, which consists of oxygen united with a larger proportion of 
carbon, than exists in carbonic acid. When the carbonic acid, which 
escapes decomposition, is washed out by solution of potash, an elec- 
tric spark inflames the residuary mixture ; the oxygen and carbo- 
nous oxide again uniting, and re-composing carbonic acid*. 

2. When a mixture of carbonic acid and hydrogen gases is elec- 
trified, the hydrogen combines with part of the oxygen in the acid, 
and reduces it to the state of carbonous oxide. 

3. When potassium is heated in carbonic acid gas, Sir H. Davy 
has found that it inflames ; part of it is oxidated _at the expense of 
the acid ; and part of it unites with the charcoal, which is precipi- 
tated. 

4. By simply heating phosphorus in carbonic acid gas, no step is 
made towards the decomposition of the latter. But by applying 
phosphorus to some of the combinations l of carbonic acid, the phos- 
phorus is oxygenated, and carbon appears in a separate form. The 
original discovery of this fact is due to Mr. Tennantt, and the de- 
tails of the experiment have been ably followed up by Dr. Pearson:): . 

To exhibit this fact, provide a tube of very thin glass, about one 
third of an inch wide, and 18 or 20 inches long, sealed at one end. 
Coat-it, within about an inch of the sealed extremity, with a lute of 
sand and clay; and when this is dry, put into it as much purified phos- 
phorus, in small pieces, as will fill the uncoated part. Then cover 
the phosphorus with carbonate of lime, or carbonate of soda which 

* PhiL Trans. 1809. p. 448. + Phil. Trans. 1791, 182. 

t Ibid 1792, p ,289. 
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has been deprived of its water of crystallization. Let the part of 
the tube, which contains the carbonate, be made red-hot by means of a 
portable furnace ; and, at this moment, apply heat to the .part con- 
taining the phosphorus, sufficient to melt and raise it into vapour. 
The vapour of the phosphorus, coming into contact with the red-hot 
carbonate, will decompose the carbonic acid ; and charcoal will be 
found in the residue of the process, in the form of a very light and 
black powder. 

To procure carbonic acid, sufficiently pure for the exhibition of 
its properties, the combustion of charcoal is far from being the best 
process. The student may, therefore, have recourse to another, the 
rationale of which he will not, at present, understand ; but which v 
will be explained afterwards. Into a common gas bottle, put a little 
powdered marble or chalk, and pour on this, sulphuric acid, diluted 
with five or six times its weight of water. A gas will be produced, 
which those, who have an opportunity, may receive over mercury ; 
but a mercurial apparatus is not absolutely essential, since the gas 
may be collected over water, if used immediately when procured. 
Carbonic acid may, also, be separated by heat alone* from carbonate 
of lime. For this purpose, coarsely powdered chalk or marble may 
be put into the iron vessel a, fig. 85, which may be connected, by 
means of the conducting pipe b, with a gazoraeter. The receiving 
cylinder of the latter, after a sufficiently long continuance of heat to 
the bottle a, wijl be filled with carbonic acid gas. Its properties are 
the following : 

Properties of Carbonic Acid. 

(a) It extinguishes flame. — Set a vessel, filled with the gas, with 
its mouth upwards, and let down a lighted candle. The candle will 
instantly be extinguished. 

A person, says Br. Priestley, who is quite a stranger to the proper- 
ties of this kind of gas, will be agreeably amused with extinguishing 
lighted candles, or blazing chips of wood, on its surface. For the 
smoke readily unites with this kind of air ; so that little or none of it 
escapes into the atmosphere. It is remarkable, that the upper surface 
of this smoke, floating in the fixed air, is smooth and well defined ; 
whereas the lower surface is exceedingly ragged, several parts hang- 
ing down to a considerable distance within the body of the carbonic 
acid, and sometimes in the form of balls, connected to the upper stra- 
tum by slender threads, as if they were' suspended. The smoke is 
also apt to form itself into broad flakes, exactly like clouds. Making 
an agitation in this air, the surface of it (which still continues ex- 
actly defined) is thrown into the form of waves ; and if, by this agi- 
tation, any of the carbonic acid be thrown over the sides of the vessel, - 
. the smoke, which is mixed with it, will fall to the ground, as if it 
were so much water. 

(b) It is fatal to animals. — Put a mouse, or other small animal, 
into a vessel of the gas, and cover the vessel, to prevent the contact 
of common air. The animal will die in the course of a minute or 
two. 
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By means of this gas, butterflies, and other insects, the colours of 
which it is desirable to preserve, for the purpose of cabinet specimens, 
may be suffocated better than by the common mode of killing them 
witn the fumes of sulphur. 

(c) This gas is heavier than common air*—. According to Sir H. 
Davy, 100 cubic inches, at 55° Fahrenheit, and 30 inches of the ba- 
rometer, weigh 47.5 grains 4 and at 60°, with the same pressure, 
would weigh 47.11. Messrs Allen and Pepys have lately determine 
ed that 100 cubic inches, at 60° Fahrenheit, and 30 inches barome- 
ter, weigh 47.26 grains. Its specific gravity, according to Biot and 
Arajo, is 1.5196; and hence, if 100, cubic inches -of atmospheric air 
weigh 30.5 grains, the same bulk of carbonic acid gas should weigh' 
46.34 grains ; Dr. Ure finds it to be 46.4. It will be a sufficiently 
near approximation to state the weight of 100 cubical inches to be 47 
grains, at a mean of the barometer and thermometer. 

To show the superior specific of gravity of this gas in a general 
way, the following experiment will be sufficient Ltet a lone glass 
tube, proceeding from a gas bottle, containing powdered marble and 
dilute sulphuric acid, be twice bent at right angles ; let the open end 
of the longer leg reach the bottom of a glassjar, perfectly dry within, 
and standing with its mouth uppermost The carbonic acid will ex- 
pel the common air from the jar, because it is heavier. — This supe- 
rior gravity may be farther shown as follows : When the jar is per- 
fectly filled with the gas (which may be known by a lighted candle 
being instantly extinguished when let down into it), take another jar, 
of rather smaller size, and place at the bottom of it a lighted taper, 
supported by a stand : then pour the contents of the first-mentioned 
jar into the second, as if you were pouring in water. The candle will 
be instantly extinguished, as effectually as if it had been immersed in 
water. 

It is owing to its superior gravity, that carbonic acid gas is often 
found at the bottom of deep wells and of mines, the upper part of 
which is entirely free from it Hence the precaution, used by the 
sinkers of wells, of letting down a candle before they venture to de- 
scend in person. 

(d) Carbonic acid gas is absorbed by water*— Fill partly a jar with 
this gas, and let it stand a few hours over water. An absorption will 
gradually go on, till at last none will remain. This absorption is in- 
finitely quicker when agitation is used. Repeat the above expert* 
ment, with this difference, that the jar must be sha ken strongly. A 
very rapid diminution will now take place. In this manner water 
may be charged with rather more than its own bulk of carbonic acid 
gas ; and it acquires, when thus saturated, a very brisk and pleasant 
taste. This impregnation is most commodiously effected by an ap- 
paratus, told in the glass shops, under the name of Nooth's machine. 

The influence of pressure, in occasioning water to absorb a large 
quantity of carbonic acid, may be illustrated by an apparatus, which 
1 have described in the Philosophical Transactions for 1803, but 
which cannot be understood without the engraving that accompanies 
it. From a long series of experiments witn this apparatus, I have 
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deduced, as a general law, that water takes up the same volume of 
compressed carbonic acid gas, as of gas under ordinary pressure. 
And since the space occupied by any gas, is inversely as the com- 
pressing force, it follows that the quantity of gas, forced into water, 
is directly as the pressure. Thus, if water under common circum- 
stances takes up an equal bulk of carbonic acid, under the pressure 
of two atmospheres, it will absorb twice its bulk ; under three atmos- 
pheres three times its bulk, and so on. 

(e) From water, thus impregnated, carbonic acid is again set at 
liberty, on boiling the water, or by exposing it under the receiver 
of an air-pump.~l}urin<r exhaustion, the gas will escape so rapidly, 
as to present the appearance of ebullition ; and will be much more 
remarkable than the discharge of air from ajar full of common spring 
water, confined, at the same time, under the receiver, as a standard 
x>f comparison. 

(/) Carbonic acid is. expelled from water by freezing*— If the 
impregnated water be rapidly congealed, by surrounding it with a 
mixture of snow and salt, the frozen water has more the appearance 
of snow than of ice, its bulk being prodigiously increased by the im- 
mense number of air bubbles. When water, thus congealed, is lique- 
fied again, it is found, by its taste, and other properties, to have lost 
nearly the whole of its carbonic acid. 

(g) Carbonic acid gas, when combined with water, reddens vege- 
table blue colours. — This may be shown by dipping into water, thus 
impregnated, a bit of litmus paper, or by mixing, with a portion of it, 
about an equal bulk of the infusion of litmus. This fact establishes 
the title of the gas to be ranked among acids. When an infusion of 
litmus, which has been thu$ reddened, is either heated, or exposed to 
the air, its blue colour is restored, in consequence of the escape of 
the carbonic acid. This is a marked ground of distinction from most 
other acids, the effect of which is permanent, even after boiling. 

(h) Carbonic acid gas precipitates lime water* — This character 
of the gas is necessary to be known, because it affords a reader test 
of the presence of carbonic acid whenever it is suspected. Pass the 
gas, as it proceeds from the materials, through a portion of lime wa- 
ter* This, though perfectly transparent before, will instantly grow 
milky : Or, mix equal measures of water saturated with carbonic acid 
and lime water. The same precipitation will ensue. By means of 
lime water, the whole of any quantity of carbonic acid, existing in a 
mixture of gases, cannot, however, be removed, as Saussure jun. has 
shown ; but recourse must be had, in order to effect its entire absorp- 
tion, to a solution of canstic potash or soda. 

(i) By the application of the test (h) it will be found, that car- , 
bonic acid is generated in several cases of combustion, — 1. Let the 
chimney of a small portable furnace, in which charcoal is burning, 
terminate, at a distance sufficiently remote to allow of its being kept 
cool, in the bottom of a barrel provided with a moveable top, or of a 
large, glass vessel having two openings. A small jar of lime water 
being let down into the tub or vessel, and agitated, the lime water 
will immediately become milky. The gas will also extinguish burn* 
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ing bodies,- and prove fatal to animals that are confined in it Hence 
the danger of exposure to the fumes of charcoal, which, in several 
instances, have been known to be fatal. These fumes consist of a 
mixture of carbonic acid and nitrogen gases with a very small pro- 
portion of oxygen gas. 2. Fill the pneumato-chemical trough with 
lime water, and burn a candle, in a jar filled with atmospheric air, 
over the lime water till the flame is extinguished. On agitating the 
jar, the lime water will become milky. The same appearances will 
take place, more speedily and remarkably, if oxygen gas be substi- 
tuted for common air. The carbonic acid, thus formed during com- 
bustion, by its admixture with the residuary air, renders it more un- 
fit for supporting flame, than it otherwise would be from the mere 
loss of oxygen. Hence, if a candle be burnt in oxygen gas, it is ex- 
tinguished long before the oxygen is totally absorbed, because the 
admixture of carbonic acid with oxygen gas, in considerable propor- 
tion, unfits it for supporting combustion. Whenever any substance, 
by combustion in oxygen gas; or common air over lime water, gives 
a precipitate, soluble with effervescence in muriatic acid, we may 
confidently infer that it contains carbon. 

(k) The respiration of animals is another source of carbonic 
acid. — On confining an animal in a given portion of atmospheric air, 
over lime water, this production of carbonic acid is evinced by a pre- 
cipitation. The same effect is also produced more remarkably in 
oxygen gas. The production of carbonic acid, by respiration, may 
be proved, also, by blowing the air from the lungs, with the aid of a 
quill, through lime water, which will immediately grow milky. The 
carbonic acid, thus added to the air, unfits it for supporting life, not 
merely by diminishing the proportion of oxygen gas, but apparently 
by exerting a positively noxious effect. Hence a given quantity of 
air will support an animal much longer, when the carbonic acid is 
removed as fast as it is formed, than when suffered to remain in a 
state of mixture. It has been found, that an atmosphere, consisting 
of oxygen gas and carbonic acid, is fatal to animals, though it should 
contain a larger proportion than the air we commonly breathe. 

(/) Carbonic acid is at all times present in the air of the atmos- 
phere. — This* might naturally be expected from the immense quan- 
tity which is constantly produced by respiration and combustion. 
Its presence is demonstrated by leaving a snallow vessel of lime wa- 
ter exposed to the atmosphere ; for its surface is soon covered with 
a solia pellicle, which, when removed, is succeeded by another,, and 
so on, till the water is deprived of'all the lime, which it held in solu- 
tion. From the precipitate, thus formed, carbonic acid is disengaged 
by dilute acids. 

The quantity of carbonic acid, present in atmospheric air, is esti- 
mated by Mr. Dal ton not to exceed one thousandth of its bulk. 
Saussure examined its proportion in the air of an open field, a few 
miles from Geneva*. In January, the mean of three experiments 
showed 4.79 parts in 10,000; in July and August, 7.18 parte in the 

* Ann. de Chim. et Phy*. ii, 199 ; and iii. 17Q. 
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same volume, which is even considerably short of the small propor- 
tion determined by Mr. Dalton. The difference between the quan- 
, titles discovered in summer and winter, though on first view very 
small, viz. S, 3 ^ volumes in ten thousand, would constitute so large a 
quantity, when the whole atmosphere is taken into the account, that 
the fact can scarcely be considered as determined without repeated 
and careful experiments. 

(w) Carbonic acid retards the putrefaction of animal substances. 
—This may be proved, by suspending two equal pieces of flesh meat, 
the one in common air, the other in carbonic acid gas, or in a small 
• vessel through which a stream of carbonic acid is constantly passing. 
The latter will be preserved untainted some time after the other has 
begun to putrefy. 

(n) Carbonic acid gas exerts powerful effects on living vegeta* 
hies. — These effects, however, vary according to the mode of its 
application. 

Water, saturated with this gas, proves highly nutritive, when ap- 
plied to the roots of plants. The carbonic acid is decomposed, its 
carbon forming a component part of the vegetable, and its oxygen 
being liberated in a gaseous form. - 

On the contrary, carbonic acid, when a living vegetable is confin- 
ed in the undiluted gas over water, is injurious to the health of the 
plant, especially in the shade. The late Mr. Henry, long ago found 
that a certain quantity of fixed air, applied as an atmosphere, \s 
favourable to vegetation; and M. Saussure, of Geneva, has deter- 
mined more recently, that the mixture of more than f of carbonic 
acid with common air is always injurious ; but that in this propor- 
tion it promotes the growth of plants, and is manifestly decomposed. 

Carbonic acid is susceptible of combination with alkalies, earths, 
and metals 1 , and forms an order of compounds, termed carbonates. 
At present, however, we shall only attend tothe results of its union 
with alkalies, and earths. In the compounds of carbonic acids with 
these bases, and especially with the alkalies, the qualities of the 
base still predominate. The alkaline carbonates, for example, re- 
tain the taste, though in a less degree, which characterizes their 
bases ; and change blue vegetable colours to green. Ammonia, also, 
preserves in a great measure its odour and volatility. By combina- 
tion with the earths, however, carbonic acid produces a more perfect 
neutralization of their properties. 



SECTION IV. 

Carbonates. 

Art. I.-~Sub-carbonate, and Si-carbonate of Potash. 

(tx) Carbonic acid gas is very abundantly absorbed by a solution of 
pure potash*— The simplest mode of showing this fact is the for* 
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lowing: Fill a common phial with carbonic acid gas over water; 
and When full, stop it by applying the thumb. Then invert the bot- 
tle in a solution of pure potash, contained in a cup, and rather ex- 
ceeding in quantity what is sufficient to fill the bottle. The solution 
will rise into the bottle, and, if the gas be pure, will fill it entirely. 
Pour out the alkaline liquor, fill the bottle with water, and again dis- 
place it by the gas. Proceed as before, and repeat the process several 
times. It will be found, that the solution will condense many times 
its bulk of the gas ; whereas water combines only with its own 
volume. 

This experiment may be' made, in a much more striking manner, 
over mercury, by passing into a jar, about three fourths filled with 
this gas, a comparatively small bulk of a solution of pure potash 
which will condense the whole of the gas. If dryjpotash be substi- 
tuted in this experiment, no change will ensue ; which proves, that 
solution is essential to the action of alkalies on this gas. 

One hundred grains of potash unite with 42.42 carbonic acid to 
form the sub-carbonate, which, therefore, contains per cent accord- 
ing to fierard, 

- Potash 70.21 

Acid ...... £9.79 



100. 
The composition of this salt is differently stated by other writers, 
viz. 

Acid. Base. 

According toDalton 100 grains consist of 31.10 .. 68.9 

— Dulong 30.70 . . 69.30 

Dr. Wollaston .... 3 1.71.. 68.29 

■■■' i t Vauquelin .:.... 33. . . 67.* 

The proportions of 70 to 30 agree very nearly with the notion, 
that the subrcarbonate of potash is constituted of an atom of car- 
bonic acid, weighing 20.8, and an atom of potash weighing 50; and 
that the weight of its atom is 70.8. The affinity of carbonic acid 
for potash, though apparently feeble, is in reality very strong; since 
it has the power of expelling, from .potash, the whole of the water* 
which that alkali contains in the state of a hydrate. 

(b) The changes effected in the alkali may next be examined.— -It 
will be found, after having; absorbed as much carbonic acid as it ia 
capable of condensing, to have lost much of its corrosive and pene- 
trating taste, and will no longer destroy the texture of woollen cloth ; 
but it still turns to green the blue infusion of vegetables. Before its 
absorption of this gas, no remarkable change ensued on mixing it 
with diluted sulphuric acid; but if this, or almost any other acid, 
be now added, a violent effervescence will ensue, arising from the. 
escape of the gas that had been previously absorbed. If the mixture 
he made in a gas bottle, the gas, that is evolved, may be collected, 
and will be found to exhibit every character of carbonic acid. 
For experimental purposes, sub-carbonate of potash may be obi- 
Ann, de China, et Phys. v. 25. 
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tiined from crystals of tartar (super- tartrate ot potash) calcined in 
a crucible; then lixiviated with water; and evaporated to dryness. 
]!y this treatment, the salt yields aboutone third its weight of sub- 
t arbonate. Or it may be mixed with about an eighth of purihed nitrate 
ol potash, and wrapped up in paper in the form of cones, which 
may be placed on an iron dish, and set on fire. The residuary 
mass is to be lixiviated, and evaporated as before directed. Or 
purified nitrate of potash may be mixed with a fourth of its weight 
of powdered charcoal, and projected into a red-hot crucible, the 
contents of which are to be poured, when in fusion, into an iron dish. 
The sub-carbonate, thus obtained, amounts to rather less than one half 
the nitre which has been employed. Even when thus prepared, it 
is apt to contain some impurities, consisting chiefly of a minute pro- 
portion of sulphate and muriate of potash, with a little silex, from 
wliLh it is extremely difficult entirety to free it. That which is pro- 
cu red from burnt tartar may be made to crystallize, in which state it 
contains £0.60 per cent, of water. 

(c) In this state of sub-saturation with carbonic acid, potash gen- 
erally occurs in the arts. The potash and pearlash of commerce, 
are sub-carbonates of potash, of different degrees of purity. The 
quantity of carbonic acid, contained in these alkalies, 'may be learn- 
ed by a very simple experiment. Put one or two hundred grains 
of the alkali into a Florence flask, and add a few ounce-measures 
of water. Take also a phial filled with dilute sulphuric acid, and 
place this, as well as the flask, in one scale. Balance the two, by 
putting weights into the opposite scale, and, when the equilibrium is 
attained, pour gradually the acid into the flask of alkali, till an ef- 
fervesence no longer ensues. When this has ceased, the scale con- 
taining the weights will be found to preponderate. This shows that 
the alkali, by combination with an acid, loses considerably, of its 
weight ; and the exact amount of the loss may be ascertained, by 
adding weights to the scale containing the flask and phial, till the 
balance is restored. 

{d) As it is sometimes of importance to know what proportion of 
real alkali a given weight of potash or pearlash contains, it may be 
proper to point out how this information may be acquired. I shall, 
therefore, in Part III. Chap. III. of this work , describe at length 
the apparatus and process best adapted to this purpose. 

(e) Sub-carbonate ofpotask dissolves very readily in water, which 
at the ordinary temperatare, takes up more than its own weight — 
Hence, when an alkali, which should consist almost entirely of sub- 
carbonate of potash, is adulterated, as very often happens, with 
substances of little solubility, the fraud maybe detected by trying 
how much of one ounce will dissolve in two or three ounce-measures 
of water. In this way I have detected an adulteration of one third 
its weight of sulphate of potash. There are certain substances of 
ready solubility, however, which may be used in adulterating pearl* 
ashes, as common salt for example ; and, when this is done, we must 
have recourse to the acid test for the means of discovery. 

The strongest solution of this salt that can be obtained has the 
Vol. I^-H h 
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specific gravity 1.54, and contains 48.8 per cent by weight, or eigbt 
atoms of water to one of salt. 

(/) Sub-carbonate of potash, when exposed to the atmosphere, 
attracts so much moisture, as to pass rapidly to a liquid state. This 
change is termed deliquescence. All the water thus absorbed is ex- 
pelled again by a heat of 280°. 

(g) When submitted, in a crucible, to a high temperature, it fuses ; 
but none of its carbonic acid is expelled. 

Bi-carbonate of Potash. 

Carbonate of potash, in the state which has been already describ- 
ed, is far from being "completely saturated with acid. This suffi- 
ciently appears from its strongly alkaline taste 1 . It may be much 
more highly charged with carbonic acid, by exposing a solution of 
one part of the sub-carbonate in three of water to streams of car- 
bonic acid gas, in a Nooth's machine, or other apparatus ; or by the - 
process to be described in art. 3, g. When a solution of alkali, after 
this treatment, is very slowly evaporated, it forms regular crystals. 
According to Dr. Wollaston*, the quantity of acid in the bi-carbo- 
nate is exacty double that in. the sub-carbonate. This he proves by 
disengaging the carbonic acid from each, by a stronger acia, such as 
the sulphuric. One part of the bi-carbonate, thus treated, is found 
to give twice as much carbonic acid as the subsalt. Berthol- 
lett obtained 189 grains of carbonic acid from 500 of this salt; 
and as nearly as possible, the same quantity from 1000 grains of 
the salt, reduced by calcination to sub-carbonate. Berard found, 
that 100' parts of potash are fully saturated by 85.86 carbonic acid J. 
The following Table exhibits the composition of the bi-carbonate, as 
stated by him, and by Dr. Wollaston. One hundred grains contain 

Acid. - 
According to Berard . . .  42.01 
Dr. Wollaston . . 43.9 
Vauquelin ... 47. 

The atomic constitution, deducible from these proportions, is one 
atom of potash, two atoms of carbonic acid, and one atom of water. 

The bi-carbonate of potasm differs from the sub-carbonate in 
the following particulars. 

1 . In the greater mildness of its taste. Though still alkaline, yet 
it may be applied to the tongue, or taken into the stomach, without 
exciting any of that burning sensation, which is occasioned by the 
sub-carbonate. 

2. It is unchanged by exposure to the atmosphere. 

3. It assumes the shape of regular crystals. The form of these 
crystals is a four-sided prism, with dihedral triangular summits, the 
facets of which correspond with the solid angles of the prism. 

• Philosophical Transactions, 1808. f Mem. d'AxcueJJ* ii. 470. 

* 71 Ann. de Gktm. 49. 
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Water, 


48.92 


9.07 


47.1 


9.0 


46. 


7. 
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4. It requires* for solution, four times its weightof water at 60°; 
and, while dissolving, absorbs caloric. Boiling water dissolves five- 
sixths of its weight; but, during this solution, the salt is partly de- 
composed, as is manifested bj the escape of carbonic acid gas. The 
quantity thus separated amounts, according to Berthollet, to about 
y^th the weight of salt 

5. By calcination in a low red heat, the portion of carbonic 
acid, which imparts to this salt its characteristic properties, and 
water, are expelled, and the salt returns to the state of a sub-car- 
bonate. 

(Jcj Bi-carbonate of potash, in all its forms, is decomposed by the 
stronger acids ; as the sulphuric, nitric, and muriatic, which unite 
with the alkali, and set the gas at liberty. 

This may be shown by pouring, on the carbonate contained in a 
gas bottle, any of the acids, and collecting the gas by a proper ap- 
paratus. 

Art. 2. — Carbonate of Soda. 

There are two distinct compound's of carbonic acid and soda, the 
one containing precisely half as much carbonic acid as the other. 

The first, or sub-carbonate, is obtained by carefully re-crystallizr 
ing the soda' of commerce. The primitive crystal of this salt is an 
octahedron, with a rhombic base ot 60° and 120°, the planes of which 
meet, at the summit, at 104°, and, at the base, at 76°. This crystal 
varies by becoming cuneiform, and also by the replacement of the 
solid angle of the summits by planes parallel to the base, affording 
the decahedral variety, which is most common. These crystals have 
the following properties. 

1. When heated to 150° Fahrenheit, they fuse; boil violently, if 
the heat be raised ; and leave a dry white powder. What escapes 
is water only ; and it forms, according to Berard, 62,69 per cent, of 
the weight of the salt; to Kirwan, 64; Dal ton, 63; and D'Arcet, 



63.6. The crystals, also, Use their water by exposure to the atmos- 
phere, or effloresce. 

2. If the fused salt be kept boiling in a retort, Mr. Dal ton finds 
that it deposits a hard, small-grained salt, which contains only 46 
per cent, of water ; the clear liquid has the specific gravity of 1.35 ; 
and, on cooling, concretes into a fragile icy mass. The first com- 
pound, Mr. Dalton estimates to consist of 1 atom of carbonate and 
10 of water ; the second of 1 atom of salt and 5 of water ; and the 
third of 1 atom of salt and 15 of water. 

3. Water at 60° takes up half its weight of the sub-carbonate ; 
and boiling water dissolves rather more than its own weight. The 
strongest solution, that can be preserved at the temperature of the 
atmosphere,. has the specific gravity 1.26; but even this is liable to 
partial crystallization. 

4. If 100 grains of the salt be slowly added to a quantity of di- 
luted sulphuric acid, more than sufficient for neutralization, and of 
known weight, the loss of weight will shpw the quantity of carbonic 
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acid contained in 100 grains. From experiments of this kind, join- 
ed with others on its Toss bj fusion, Berard deduces its composi- 
tion to be 

Acid . . . 13.98 ... 100 ... 60 
Base . . . 23.33 . . . 166 . . .100 
Water . . 62.69 



100. 

Independently of the water of crystallization, its composition has 
been differently stated, viz. 100. grains contain 

Acid. Base. 

According to Berard • • . 37.50 . . . 62.50 



Dulong . 
Dalton . 
Klaproth 
Kirwan . 



40.09 
40.40 
42. 
40.10 



59.91 
,59.60 
58. 
59.90 



Its atomic constitution is supposed by Mr. Dalton to be one atom 
of soda with one atom of carbonic acid. 

When a solution of the sub-carbonate of soda is saturated, by 
passing through it a stream of carbonic acid gas, or when a solution 
of 100 parts of the salt are heated with one of 14 parts of sub-carbo- 
nate of ammonia, we obtain by evaporation an indistinctly crystal- 
lized salt, which is the bi-carbonate of soda. The taste of this salt 
is much milder than that of the sub-carbonate ; and it requires a much 
larger quantity of water for solution. To bring soda to this state of 
saturation, 100 parts of the alkali require 125.33 of carbonic acid. 
The bi-carbonate is, therefore, composed, in 100 parts. 

 - 

Acid. 
According to Berard, of 49.95 • . 
   Rose • 49. . . • 

And as the acid in this salt is, as nearly as possible, double that 
of the sub-carbonate, it must be constituted of two atoms of acid and 
one atom of soda. By exposure to a red heat, the whole of its water, 
and half of its carbonic acid, are expelled, and it is converted into the 
dry sub-carbonate. 



Base. 


Water. 


29.85 . 


. 20.20 


37, 


. 14. 



Art. 3.—- Sub-carbonate and Bi-carbonate of Ammonia* 

Ammonia, in its pure state, exists in the form of a gas, permanent 
over mercury only : and carbonic acid has, also, the form of an aerial 
fluid. But when these two gases are mixed together over mercury 
in proper proportions (viz. one measure of carbonic acid to two or 
three of alkaline gas), they both quit the state of gas, and are en- 
tirely condensed into a white solid body. The compound thus form- 
ed, it appears from the recent experiments of Gay Lussac, is the 
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sub*carbonate of ammonia; for the two gases, he finds, cannot by 
simple mixture, be made to unite in the proportions necessary to 
neutralize each other. To effect this, it is necessary to expose a 
solution of sub-carbonate* of ammonia in water to carbonic acid gas, 
in which case the affinity of the water concurs in overcoming the 
elasticity of the acid gas. 

(a) Those persons who are not possessed of a mercurial trough 
may compose the sub-carbonate of ammonia in the following man* 
ner :— -Provide a globular receiver, having two open necks opposite 
each other. Into one of these introduce the neck of a retort, con- 
taining carbonate of lime and dilute sulphuric acid, from which a 
constant stream of carbonic acid will issue. The inner surface of 
the globe will remain perfectly unclouded. Into the opposite open- 
ing, let the mouth of a retort ne introduced, containing the materials 
for ammoniacal gas. (Chap. vii. sect 2.) The inner surface of the 
globe will now be covered with a dense crust of carbonate of am* 
monia. 

The sub-carbonate of ammonia may also be formed, by passing, 
into a jar three fourths filled with carbonic acid over mercury, a so» 
lution of pure ammonia, which will instantly effect an absorption of 
the gas. The ordinary mode of producing it for useful purposes will 
be described hereafter. 

(b) Sub-carbonate of ammonia retains, in a considerable degree, 
the pungent smell of the pure volatile alkali. It is, also, unlike the 
other sub-carbonates, volatilized by a very moderate heat, and eva- 
porates without entering previously into? a liauid state. The va- 
pour that arises may be again condensed in a solid state; affording an 
example of sublimation. This may be shown, by applying heat to 
the sub-carbonate of ammonia in a retort, to which a receiver is 
adapted. The sub-carbonate will rise, and be condensed in the re- 
ceiver in the form of a white crust. 

(c) This sub-carbonate does not attract moisture from the air, but, 
on the contrary, loses weight. 

{d) Bub-carbonate of ammonia, like those of potash and soda, con- 
verts vegetable blue colours to green, as the pure alkalies do. 

(e) It requires for solution rather more than twice its weight of 
cold water, or an equal weight of boiling water. At the latter tempe- ' 
rature, however, it is partly decomposed, and a violent effervescence 
ensues. 

(/) In composition it varies considerably, according to the tem- 
perature in which it has been formed. Thus, sub-carbonate of am- 
monia, which has been produced in a temperature of 300° Fahren- 
heit, contains 50 per cent, of alkali ; while carbonate formed at 60° 
contains only 20 per cent. By Gay Lussac*, the sub-carbonate of 
ammonia is stated to consist of 

Ammonia . . . 43.98 . . . 100 • . . 78.57 
Carbonic acid . 56.02 . * . 127.5 . . 100. 



100. 227.5 178.57 

• Metnoires d'ArcueO, u\ 214. 
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Dr. Urc has lately shown that the most compact and recent sub- 
carbonate of ammonia contains water, which becomes apparent when 
it is distilled in mixture with dry pulverized quicklime*. This wa- 
ter, he apprehends, constitutes an essential part of the alkaline base, 
which, in this view of it, is a hydrate of ammonia: and the same 
view may be extended to the other ammoniacal salts. The propor- 
tions of the sub-carbonate, deduced by him from a variety of experi- 
ments, are 

Ammonia .... 30.5 
Carbonic Acid . . 54.5 
Water 15. 



100. 



Or we may consider the sub-carbonate as consisting of 54.5 acid and 
45.5 hydrate of ammonia. By exposure to the air, the proportions 
of its elements are constantly changing, and its power of saturating 
acids decreased. 

(g) It is decomposed by pure potash and pure soda ; and by the 
sub-carbonates of those alkalies, which attract its carbonic acid, and 
expel the alkali. , Hence it has been recommended, by Berthollet, 
to employ this salt for the full saturation of potash with carbonic 
acid, which may be accomplished by the following process. 

To a filtered solution of four pounds of pearlash in four quarts of 
water, add one pound of carbonate of ammonia, reduced to powder ," 
And stir the mixture at intervals, till the carbonate of ammonia is en- 
tirely dissolved. Filter the liquor, and put it into a retort, which 
may be set in a sandbatb, and be connected with a receiver. A very 
gentle heat is to be applied ; so as to distil off about half a pint of 
the liquor, which will consist of a solution of carbonate of ammonia 
in water. The liquor in thje retort may either be allowed to cool in 
it, or be transferred into a flat evaporating dish of Wedgwood's 
ware. When cold, crystals of the bi-carbonate of potash will pro- 
bably be formed ; otherwise another portion must be distilled off, and 
this must be repeated till the crystals appear; separate the first crys- 
tals that are formed ; and, on repeating the distillation and cooling, 
fresh sets will appear in succession. A considerable portion of the 
solution, however, will refuse to crystallize. This may be boiled to 
dryness, and applied to the purposes of sub-carbonate of potash. The 
crystals of carbonate of potash may be washed with a small quanti- 
ty of cold water and dried on blotting paper ; or, if they are required 
of great purity, they may be dissolved in cold water, and re-crystal* 
lized, using the gentlest neat possible in evaporating the solution. 

The NEUTRAL CARBONATE Or BI-CARBONATE OF AMMONIA Was for- 
med by Berthollet, by impregnating a solution of sub-carbonate with 
carbonic acid. gas. According to his experiments, it is. composed of 

* Thomson's Annals,, x. 206. 
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Ammonia • . . 28.19 . . . 100 . „ . 39.2 
Carbonic acid . 71.81 . . . 255 . . . 100. 



100. 355 139.2 



From the known specific gravity -of those two bodies, Gay Lu3sac 
has calculated that the neutral carbonate consists of exactly equal 
quantities by measure of the two gases, while the sub-carbonate is 
composed of two volumes of alkaline gas to one of carbonic acid 



gas. 



The bi-carbonate of ammonia may also be formed by exposing 
powdered sub-carbonate with a larger and frequently renewed sur- 
face to the air, till it entirely loses its smell. In this state it is com- 
posed, according to Dr. Ure, of ' 

Carbonic acid 54.5 

Ammonia • . • 22.8 

Water 22.75* 

The sub-carbonate, by this treatment, has its saturating power so 
much diminished, that 400 grains no longer neutralize 88 of concen- 
trated sulphuric acid, but only 66. It may be doubted, however, 
whether, when thus obtained, it is not a mixture of sub-carbonate and 
bi-carbonate, since the acid and alkali are not in the proportions to 
each other/which are given in the analysis of Berthollet, 



Art. 4+—Carbonate of Barytes* 

I. Pure barytes has a very powerful affinity for carbonic acid. 

1. Let a solution of pure barytes be exposed to the atmosphere,. 
It will soon be covered witli a thin white pellicle ; which when bro- 
ken, will fall. to the bottom of the vessel, and be succeeded by ano* 
ther. This may be continued, till the whole of the barytes is sepa- 
rated. The effect arises from the absorption of carbonic acid, which 
is always diffused through the atmosphere, and which forms with ba- 
rytes a substance, viz. carbonate of barytes, much less soluble than 
the pure earth. 

2. Blow the air from the lungs, by means of a quill, a tobacco-pipe, 
or glass tube, through a solution of barytes. The solution will im- 
mediately become milky, for the same reason as before. 

3. With a solution of pure barytes, mingle a little water, impreg- 
nated with carbonic acid. An immediate precipitation of carbonate 
Of barytes will ensue. 

4. Barytes has so strong an affinity for carbonic acid, as even to 
take it from other bodies. To a solution of a small portion of car- 

* Thomson's Annals, x. 207". There appear? to be somp error, sine* the 
numbers do not make up 109. 
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bonate of potash, of soda, or of ammonia, add the solution of barytes. 
The barytes will separate the Carbonic acid from the alkali, and will 
fall down in the state of a carbonate. By adding a sufficient quan- 
tity of a solution of barytes in hot water, the whole of the carbonic acid, 
may thus be taken from a carbonated alkali ; and the alkali will re 
mam perfectly pure. 

II. — 1. Carbonate of barytes is nearly insoluble in water, which, 
at 60°, does not take up more than ^^ part, or, when boiling*, 
about ?? 6 ?. Water impregnated with carbonic acid dissolves a con- 
siderably larger proportion. 

2. Carbonate of barytes is perfectly tasteless, and does not alter; 
vegetable blue colours. It acts as a violent poison. 

3. The combination of carbonic acid with barytes may either be 
formed artificially, as in the manner already described, and by other 
processes, to be detailed in the sequel, in which case it is termed, 
the artificial carbonate : or it may be procured, ready formed, from 
the earth, and is then called the native carbonate. It is not, howev- 
er, a very common production of nature. The largest quantity, hith- 
erto discovered, is in a imue, now no longer worked, at Anglezark, 
near Chorley, in Lancashire. 

4. The native and artificial carbonates differ in the proportion of 
their components. The former contains, in 100 parts, 20 acid and 80 
barytes. The artificial, according to Pel le tier, consists of 22 acid, 62. 
earth, and 16 water ; but in this statement, there is probably an error, 
since the proportions between the acid and earth differ considerably 
from those which have been determined by other chemists. Strict- 
ly speaking both the native and artificial compounds are sub-carbo- 
nates ; but as we are unacquainted with any other compound of ba- 
rytes and carbonic acid, they may be allowed to retain the accus- 
tomed name of carbonate. The latest analyses of this compound by 
Mr. Aikin, Mr. James Thomson*, and others, fix its composition as 
follows: 

Carb. acid. Barytes. 

From Mr. Aikin's experiments .... 21.67 .. . 78.3S 

m Thomson's ..... . . 21.75 . . . 78.25 

— Klaproth and Rose's .... 22.00 . . . ?8.00 

Bucholz's 21.00 . . . 79.00 

— >—. Berzelius'st . 21.60 . . . 78.40 



r — -Dr. Wollaston (from theory). . 22.09 . . . 77.91 

When % 100 grains of the carbonate are dissolved in nitric acid, and 
precipitated by a sulphate, they afford, according to Berzelius, 118.6 
or 1 19 grains of sulphate of barytes. 

5. Carbonate of barytes is decomposed by an intense heat; its car- 
bonic acid being expelled : and the barytes remaining pure. The. 
artificial carbonate is most readily decomposed; but the native one 
is generally employed for obtaining pure barytes, because it may be/ 
had in considerable quantity. The process which I have found to. 
nswacr best, is nearly that of Pelletier. Let the native carbonate be 
* Nicholson's Journal, xxii. xxiii; f 78 Ann. de Chim. 39, 
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powdered, and passed through a fine sieve. Work it up with about • 
an equal bulk of wheaten flour into a ball, adding a sufficient quan- 
tity of water. Fill a crucible of proper size, about one third its 
height, with powdered charcoal ; place the ball on this ; and sur- 
round and cover it with the same powder, so as to prevent its com- 
ing into contact with the sides of the crucible. Lute on a cover ; 
and expose it, for two hours, to the most violent heat that can be 
raised in a wind furnace. Let the ball be removed when cold. On 
the addition of water it will evolve great heat, as already described 
(chap, viii.), and the barytes will be dissolved. The filtered solu- 
tion, on cooling, will shoot into beautiful crystals. 

6. Carbonate of barytes is decomposed by the sulphuric, nitric, 
muriatic, and various other acids, which detach the carbonic acid, 
and combine with the earth. > 

Art. 5.-— 'Carbonate of Strontites. 

The relation of strontites to carbonic acid resembles, very closely, 
that of barytes ; and all the experiments, directed to be made with 
the solution of the latter earth, may be repeated with that of stron- 
tites, which will exhibit similar appearances. 

The carbonate of strontites requires for solution 1536 parts of boil- 
ing water. It is found native, but containing a Utile cabonate of 
lime, at Strpntianin Argyllshire ; and may, also, be prepared by ar- 
tificial processes, which will be afterwards described. From this 
carbonate pure strontites may be prepared, by treating it in the same 
manner as was directed for the calcination of carbonate of barytes. 

The artificial carbonate, according to Stromeyer*, does not essenti- • 
* ally contain any water. It consists of 

Strontites 70.313 or 100 

Carbonic acid 29.687 . . 42.2£ 

100. 

Art. 6.— Carbonate of Lime. 

1 Lime has a strong attraction for carbonic acid, but not when 
perfectly dry. 

(a) If a piece of dry quicklime be passed into a jar of carbonic 
acid gas over mercury, no absorption ensues. But invert a bottle, 
filled with carbonic acid gas, over a mixture of lime and water of 
the consistence of cream, and a rapid absorption will be observed, 
especially if the bottle be agitated. 

(6) Let ajar or bottle, filled with carbonic acid, be brought over 
a vessel of lime water. On agitating the vessel, a rapid diminution 
will ensue, and the lime water will become milky. 

(c) Leave a shallow vessel of lime water exposed to the air. A 
white crust will form on the surface, and this if broken, will fall to 
the bottom, and be succeeded by another. This is owing to the ab- 
sorption of carbonic acid gas from the air by the lime, which is thus 
rendered insoluble in water. 

# Ann. de Cliim. et Phys. iii« 396. 
Vox,. Ir-I i • 
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(d) Lime, when exposed to the atmosphere, first acquires mois- 
ture, and then carbonic acid ; and in a sufficient space of time, all 
the characters distinguishing it as lime disappear* 

(e) Lime has an extremely strong affinity for carbonic acid, which 
enables it to take this acid from other substances. Thus carbonates 
of alkalies are decomposed by lime. Slack a given quantity of lime 
into a paste with water, and add half its weight of carbonate of pot- 
ash or soda. Boil the mixture, for half an hour, in an iron kettle, 
and separate the liquid part by filtration or by subsidence. The 
carbonic acid combines with the lime, and the alkali is obtained in a 
state of solution perfectly free from carbonic acid. This is the ordi- 
nary mode of depriving the alkalies of carbonic acid. 

(/) Lime, when saturated with carbonic acid, must necessarily 
form bi-carbonate of lime. We are unacquainted, however, with 
this salt, and it is chieflv by a process of reasoning that Berthollet 
has shown it must consist of 100 parts of lime united to 150.6 car- 
bonic acid ; whereas In the sub-carbonate 100 parts of lime are com- 
bined with only half that quantity*. Of this, common chalk, or 
Carrara marble, may be taken as a fair sample ; and in all sub-carbo- 
nates of this earth, we find the characters of insipidity and insolu- 
bility in water. Calcareous spar, marble, stalactites, lime-stone, and 
chalk, are all varieties of sub-carbonate of lime. It contains per cent 

Acid. Base. 

According to Wollaston - - - 43.7 - - - 56.3 

Berzelius - - - - 43.6 - - - 56.4 

— -. Dr.Ure - - - - 43.52 - - - 56.48 

It appears to be constituted of an atom of lime united with an atom 
of carbonic acid. 

(g) Carbonate of lime is decomposed by a strong heat. If dis- 
tilled in an earthen retort, carbonic acid gas is obtained, and lime re- 
mains in the retort in a pure or caustic state. By this process it 
loses about 45 per cent. ' - 

The very curious and important experiments of Sir James Hall 
have proved, that whep the escape of the carbonic acid is prevented 
by strong pressure, carbonate of lime is fusible in a heat of about 
22° of Wedgwood's pyrometert. And Mr. Bucholz has lately fused 
this substance, by the sudden application of a violent heat, without 
additional compression^. 

(k) Carbonate of lime is decomposed by the stronger acids. Put 
some chalk into a' gas bottle, and pour on it diluted sulphuric acid. 
The sulphuric acid will unite with the lime, and the carbonic acid 
will be set at liberty. One hundred grains of carbonate of lime, 
s according to Pfaff, are saturated by 88 grains of sulphuric acid-of 
the specific gravity 1854 ; and give 129.4 of sulphate of lime. These 
numbers, however, are not consistent with the known composition of 
carbonate and sulphate of lime, which requires that 100 grains of 
the carbonate should be saturated by 97*5 of oil of vitriol of the 
specific gavitv 1850, and that there should result 136 of calcined 
sulphate of lime. 

* Memokes d'Arcueil, ii. 478. f Nicholson's Journal/ xiii. xv>. 

4 Nicholson's Journals xvii. 229. 
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By a comparison of this experiment with the preceding one (g), 
• we may learn the proportion of carbonic acid and water contained 
in any carbonate of lime. Let 100 grains of the carbonate be put 
into a Florence flask, with an ounce or two of water ; place this in 
the scale of a balance ; and in the same scale, but in a separate bot- 
tle, about half an ounce of muriatic acid. Add the muriatic acid to 
the carbonate as long as any effervescence is produced, and then 
blow out the disengaged carbonic acid, which remains iu the flask, 
by a pair of bellows. Ascertain* by adding weights to the opposite 
scale, how much has been lost; suppose it to be forty grains; this 
shows the quantity of carbonic acid disengaged. Calcine another 
100 grains in a covered crucible. It will lose still more of its 
Weight ; because, besides its carbonic acid, all the water is expelled 
which it may contain. Let this loss be stated at 45 grains; the for* 
mer loss deducted from this (45—40), or 5 grains, snows the quan- 
tity of water in 100 of the carbonate. 

(i) Carbonate of lime, though scarcely disolved by pure water, is 
soluble in water saturated with carbonic acid. The most striking 
method of showing this is the following : Add to a jar, about one 
fourth filled with lime water, a very small quantity of water satura- 
ted with carbonic acid. An immediate milkiness will ensue, be- 
cause the carbonic acid forms with the lime an insoluble carbonate* 
Add gradually more of the water, impregnated with carbonic acid, 
shaking the jar as these additions are made. At last the precipitate 
is re-dissolved. Hence it appears that lime, with a certain propor- 
tion of carbonic acid, is insoluble, and, with a still larger, again be- 
comes soluble in water. 

(k) The carbonate of lime, dissolved by an excess of carbonic 
acid (i), is again separated, when this excess is driven off. Thus boil- 
ing, which expels the superabundant acid, precipitates the carbonate. 
Caustic, or pure alkalies, also produce a similar effect. 

Art. 7.— -Carbonate of Magnesia. • 

I. Pure magnesia does not attract carbonic acid with nearly the 
same intensity as lime. Hence magnesia may be exposed to the air, 
without any important change in its properties, or much increase of 
weight, unless the exposure be. long continued, when it first becomes 
a hydrate by absorbing water, and then attracts carbonic acid from 
the atmosphere. The carbonate of magnesia, used in medicine, and 
for experimental purposes, is prepared by a process to be described 
in the sequel. In this state, however, it is not entirely saturated 
with carbonic acid, and is rather a sub-carbonate. Its composition, 
Bucholz states to vary, and is prepared with or without heat. If the 
former, it contains per cent. 42 base, 35 acid, 23 water ; if prepared 
from cold solutions of sub-carbonate of soda and sulphate of mag- 
nesia* it consists of 33 base, 52 acid, and 35 water. Mr. Dal ton 
makes it to be composed of 43 base, 40 acid, and 17 water, which 
numbers indicate that it is constituted of one atom of acid, one of 
earth, and one of water. Berzelius is of opinion that it is a com* 
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pound of three atoms of carbonate of magnesia with one atom of 
the hydrate of the same earth*. 

II. The saturated carbonate (as it has generally been considered) 
may be obtained, by passing streams of carbonic acid gas through 
water, in which the sob-carbonate is kept mechanically suspended. 
The solution yields, when evaporated, small crystals, which are tran- 
sparent hexagonal prisms, terminated by hexagonal planes. These 
crystals have no taste, and are soluble in 48 parts of cold, water ; 
whereas the sub-carbonate requires at least ten times that quantity. 
The crystallized carbonate contains per cent 30 acid, 30 earth, and 
40 water, so that it is in reality constituted like the common carbo- 
nate, but with three atoms of water instead of one. 

III. The carbonate of magnesia is decomposed by the same agents 
as the carbonate of lime. It fields its carbonic acid, however, in a 
much more moderate heat. 

IV. Lime has a stronger affinity than magnesia for carbonic acid. 
Hence, if lime water be digested, with carbonate of magnesia, the 
lime is precipitated in the state of an insoluble carbonate. 

Art. 8.— Carbonate of Glucine. 

Glucine appears to have a considerable affinity for carbonic acid ; 
for, when precipitated from acids by pure alkalies, and dried in the 
air, it becomes effervescent. The carbonate of glucine is white, in- 
sipid, insoluble, and very light. It contains about one fourth its 
weight of carbonic acid, which it loses by exposure to a low red 
heat. 

The carbonate of silex dose not exist, and those of zircon, alumine, 
and yttria, have no peculiarly interesting properties. 

SECTION V. 
Gaseous Oxide of Carbon, or Carbonous Oxide. 

This combination of carbon with oxygen contains a less pro- 
portion of oxygen than is found in carbonic acid. Its discovery 
was announced in Nicholson's Journal, for April, 1801, by Mr. 
Cruick shank, and in the 38th volume of the Jinnales de Chimie, 
by Clement and Desormes, whose experiments are continued in 
the 39th volume of the same work, p. 26. The Dutch chemists, 
however, in volume 43, object to its being considered as a distinct 
gas, and regard it merely as a carburet of hydrogen. But their ob- 
jections do not appear sufficient to prevent the acknowledgment of 
the gaseous oxide as a new and peculiar species. 

It may be procured by the following processes. 

1. By the distillation of the white oxide of zinc with one eighth of 
its weight of charcoal, in an earthen or glass retort ; from the scales 
which fly from iron in forging, mixed with a similar proportion of char- 

< 
•Thomson's Annals, xU. 30. 
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coal ; from the oxides of lead, mangnese, or, indeed, of almost every 
imperfect metal, when heated in contact with powdered charcoal. 
It may also be obtained from the substance which remains after pre- 
paring acetic acid from acetate of copper. 

2. From well dried carbonate of bar ytes or of lime (common chalk), 
distilled with about one fifth of charcoal ; or with rather a larger pro- 
portion of dry iron or zinc filings, which afford it quite free from 
hydrogen. 

3. By transmitting carbonic acid gas over chareoal ignited in a 
porcelain tube. The acid gas combines with an additional dose of 
charcoal ; loses its acid properties ; and is converted into the carbo- 
hous oxide. An ingenious apparatus, contrived by M. Baruel, and 
extremely useful for this and similar purposes, is described and re- 
presented by a plate, in the I lth volume of Nicholson's Journal. 

The last product of the distillation is the purest, but still contains 
carbonic acid, which must be separated by washing the gas with 
lime liquor. 

its properties are as follow : 

(a) It has an offensive smell. 

(b) It is lighter than common air, in the proportion of 966 to 100ft. 
One hundred cubical inches weigh 30 grains, the temperature being 
55° Fahrenheit, and pressure 29.5 (Cruickshank); or at temperature 
60°, and barometer 30, 100 cubic inches weigh 30.19 grains. Its 
specific gravity from calculation, according to Gay Lussac, should 
be .96782, ' 

(c) It is inflammable, and, when set fire to, as it issues from the 
orifice of a small pipe, burns with a blue flame. When mixed with 
common air, it does not explode like other inflammable gases, unless 
in very few proportions*, but bums silently with a lambent blue 
flame. A mixture of two measures with one measure of common 
air may, however, be exploded by a lighted taper, or even by red- 
hot iron or charcoal. 

(d) When a stream of this gas is burnt, in the manner described in 
speaking of hydrogen gas, no water is condensed on the inner sur- 
face of the glass globe, a proof that the gaseous oxide contains no 
hydrogen. Berthdllet, indeed, still contends, in opposition to most 
chemists (and among others to Gay Lussac), that hydrogen is one of 
the elements of this gas. ! 

(e) It is sparingly soluble in water ; is not absorbed by liquid caus- 
tic alkalies ; nor does it precipitate lime water. 

(/) It is extremely noxious to animals ; and fatal to tfcem if con- 
fined in it When respired for a few minutes, it produces giddiness 
and faintingt. ' 

(g) When 100 measures of carbonous oxide are fired over mer- 
cury in a detonating tube, with 45 of oxygen gas, the total 145 are 
diminished to 90, which, if the gasses employed be pure, consist en- 
tirely of carbonic acid. Proportions, differing a Herefrom these, 
have been stated by Berthollet, tn#. that 100 measures of carbon- 

* Baton's System, p. 37.3. f s $* p hil. Blag, xliii. 367. 
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ous oxide are saturated by 50 measures of oxygen, and give 100 of 
carbonic acid ; and these last proportions are coincident, also, both 
with the theory and experience of Gay Lussac. . 

(/*) It is not expanded by electric shocks, nor does it appear to 
undergo any change by electrization. 

(i) When the carbonous oxide, mingled with an equal bulk of hy- 
drogen gas, is passed through an ignited tube, the tube becomes li- 
ned with charcoal. In this temperature, the hydrogen attracts oxygen 
more strongly than it is retained by the charcoal, and forms water. 

It was found, also, by Gay Lussac to be decomposed by the action 
of potassium, which combines with the oxygen and precipitates char- 
coal. 

According to Mr. Cruickshank, it contains per cent, about 70 
oxygen, and 30 carbon by weight ; or the former is to the latter as 21 
to 8.6, or as 21 to 9. Gay Lussac, however, makes it to consist of 
43 charcoal and 57 oxygen ; Berzelius of 44. 28 charcoal and 55.72 
oxygen, proportions which agree, within a small fraction, with those 
of Clement and Desormes. It contains, therefore, just half the oxy- 
gen that exists in carbonic acid ; and it is constituted of one atom of 
charcoal and one atom of oxygen, and weighs, according to Mr. Dal- 
ton, 7 + 5 A oa 12.4, or, by the corrected numbers, 7£ + 5.8 = 13.3. 



SECTION VL 

Combination of Carbon with Hydrogen, forming Carbureted Hy- 
drogen Gas, or Hydro-Carburet 

I. Or this combination there appear, on first view, to be several 
distinct varieties, consisting of carbon and hydrogen, united in va- 
rious proportions, and obtained by different processes. 

1. When the vapour of water is brought into contact with red- 
hot charcoal (by means of an apparatus similar to that represented, 
fig. 40), two different products are obtained. The oxygen of the water, 
uniting with the carbon, constitutes carbonous oxide and carbonic ac- 
id ; and the hydrogen of the water dissolving, at the moment of its 
liberation, a portion of charcoal composes carbureted hydrogen gas *. 

The carbonic acid may be separated from the hydro-carburet, by 
agitating the gas, which has been produced, in contact with lime and 
water, mixed together, so as to be of the consistence of cream. 

2. By stirring, with a stick, the mud that is deposited at the bot- 
tom of ditches or stagnant pools, bubbles of gas ascend to the sur- 
face, and may be collected in an inverted bottle of water, to the 
mouth of which a funnel, also inverted, is fixed. 

3. By submitting coal to distillation, in an iron or coated glass 
retort, a large quantity of gas, besides a portion of tar, is produced* 
The latter may be received in an intermediate vessel; and the gas 

* In Nicholson's Journal, xi. 68, 1 have stated my reasons for believing that 
this gas is not pure hydro-carburet. 
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must be well washed with lime liquor. The first product only is to 
be reserved as a specimen of coal gas; for, as the distillation pro* 
ceeds, its density become gradually less; till, at length, the gas, 
which is produced at the close of the operation, is only about halt as 
heavy as that evolved at first. The quantity of gas, also, which is 
produced from a given weight of coal, is so variable from different 
kinds of this mineral, and is so much influenced by the degree of 
heat employed in its production, that it is scarcely possible to state 
any general average. From 120 pounds avoirdupois of the sort of 
coal called Wigan Cannel, about 340 cubic feet of gas may be obtain- 
ed, of which half a cubic foot joer hour is equal to a mould candle of 
six to the pound, burning during the same space of time. 

4. Let a porcelain tube, coated with clay, be fixed horizontally in 
a furriace, in the manner represented, fig. 40. To one end let a re- 
tort be luted, containing an ounce or two of ether or alcohol ; and, to 
the other, a bent tube, which terminates under the shelf of the pneu- 
matic trough. A gas will be disengaged, on igniting the tube, and 
transmitting, through it, the alcohol or ether in vapour, which, 
when washed with lime-liquor, is the carbureted hydrogen. 

5. A fifth mode of obtaining hydro-carburet, discovered by the 
Dutch chemists*, consists in distilling, in a glass retort, with a gen- 
tle heat, three measures of concentrated sulphuric acid, and one mea- 
sure of alcohol. The mixture assumes a black colour and thick con- 
sistence ; and bubbles of gas are disengaged, which may be collected 
over water. For reasons which will be stated when we come to 
speak of chlorine, this gas has been named the olejiant gas. 

II.— 1. These different gases vary considerably, in density or 
specific gravity. Atmospheric air being 1000, the specific gravity of 
gas from moistened charcoal is 480 ; from ether or alcohol 520 ; 
from pit-coal between 300 and 780, according to the period of the 
distillation, at which it is. collected, the early .products being always 
the heaviest. Gas from stagnant water, according to Mr. Dalton, 
is of the specific gravity 600, and hence 100 cubic inches must weigh 
18.3 ; but Dr. Thomson fixes its specific gravity at 555, which would 
give only 16.9S grains for 100 cubic inches. The specific gravity 
of olejiant gas is stated by the Dutch chemists, its discoverers, at 909, 
by Dalton and Henry at 967 or 950, by Saussure at 973.4, by Dr, 
Thomson at 974 ; and by Gay Lussac, from calculation, at 978. 
From the last number, the weight of 100 cubic inches at 60° Fahren- 
heit, and 30 inches barometer, may be deduced to be 29.72 grains. 

2. These gases differ as to the quantity, which water is capable 
of absorbing; for of the defiant gas it takes up ith of its bulk ; of 
gas from stagnant water -fa; and of the others still less. 

3. The varieties of carbureted hydrogen gas all agree in being in- 
flammable ; but they possess this property in various degrees, as is 
evinced by the variable brightness of the flame, which they yield 
when set on fire; and by the different temperatures at which they 
begin to burn. Light carbureted hydrogen, or fire-damp, requires 

& Nicholson's Journal,4to. i» 41 



£56 HYDRO-CARBURET GASES. CHAP. XX, 

» 

a much stronger heat to excite its combustion than defiant gas. 
They may be inflamed as they proceed from'the orifice of a small 
pipe, or from between two concentric cylinders of sheet-iron orcop- 
per, placed at the distance of a small fraction of an inch from each 
othei. On this principle, an Argand's lamp may be constructed, 
for burning the gases, which will issue from that space, commonly 
occupied by the wick. 

When burned in either of these modes, there is a manifest grada- 
tion in the density and brightness of the flame, corresponding to the 
quantity of solid charcoal which is first deposited, and afterwards 
burned. The gas from charcoal burns with a faint blue light, not 
suited to the purpose of illumination ; that from ether or alcohol with 
more brilliancy ; but still short of that with which the coal gas burns, 
when recently prepared ; and the first product of gas from a given 
quantity of coal, affords at least twice as much light, as an equal vo- 
lume of the last portions. The olefiant gas surpasses them all, in the; 
quantity of light evolved by its combustion. It continues to burn in 
air, the density of which is diminished 10 or 11 times, whereas gas 
from stagnant water affords a flame, which is extinguished in air ra- 
refied more than one fourth. Another important distinction between 
tb^ several kinds of carbureted hydrogen is derived from the results 
of mixing each of them with chlorine, which will be described in the 
chapter on that substance. 

If these gases be burned in a vessel of oxygen gas over lime-water, 
by means of a bladder and bent brass pipe (pi. iv. fig. 41), two dis- 
tinct products are obtained, viz. water and carbonic acid. That 
water is produced, may be shown by burning a very small stream of 
this gas, under a long funnel-shaped tube open at both ends. The 
formation of carbonic acid is evinced, by the copious precipitation 
of the lime-water in the foregoing experiment. 

The composition of each of the above gases is learned by firing it> 
in a detonating tube over mercury, with a knowiv quantity of oxy* 
gen gas ; and observing the nature and quantity of the products. 
These products are carbonic acid and water. The former may be 
exactly measured ; but the water is generated in such small quanti- 
ty, that it can only be computed. The following table shows the 
results of a few experiments of this kind. 

Measures of Oxygen Measures of 
Kind of Gas. Gas required to satu- Carbonic Acid 

rate 100 Measures. produced. 

Pure hydrogen gas 50 to 54 .... ~ 

Gas from charcoal 60 35 

coal 190 97.5 

— stagnant water . < . 200 100 

Olefiant gas . 300 % 200 

Now since, for the formation of each measure of carbonic acid gas, 
in the foregoing experiments, an equal volume of oxygen gas is re- 
quired, we may learn by deducting the number in the third column 
• from the corresponding one in the second, what proportion of oxygen 
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has been spent in the saturation of the hydrogen of each variety of 
hydro-carburet. Thus for example, in burning the gas from stagnant 
water, 100 measures of oxygen have been employed in forming car- 
bonic acid ; and the remaining 100 in saturating hydrogen. But 100 
measures of oxygen are sufficient to saturate £00 of hydrogen gas ; 
and a quantity of hydrogen must therefore be contained in 100 mea- 
sures of gas from stagnant water ; which, expanded to its jasual elas- 
ticity, would occupy 200 measures. 

From these data, it is easy to deduce the composition of this vari* 
. ety of carbureted hydrogen ; for if its specific gravity be 0.6, 

Grains. 
100 cubic inches must weigh .-----.--• 18.3 
The 100 cubic inches of carbonic acid produced weigh 47? +~ # 
grains, and contain of charcoal -- - - . - J 

Hence the hydrogen, in 100 cubic inches, weighs - - - - 5;1 

Or 100 grains of gas from stagnant water are composed of 

Carbon ----- 72 
Hydrogen - - - 28 

100 

These results accord best with the opinion that this gas, which 
may be called simply carbureted hydrogen, is constituted of one 
atom of charcoal and two atoms of hydrogen. 

defiant gas, per-carbureted hydrogen, or bircarbureted hydrogen^ 
investigated in precisely the same manner, is composed, in 100 
grains, 

Carbon. Hydrogen. 
According to Dr. Thomson*, of ---85 ----15 
-— — Saussure, jun. of - - - 86 - - - - 14 

It consists, therefore, according to Mr. Dalton, of one atom of car- 
bon and one atom of hydrogen. This would make the weight of an 
atom of charcoal 5.66 ; for 85 is to 15, as 5.66 to 1 ; a result which 
coincides, as nearly as can be expected, with the weight of the atom 
of charcoal, already deduced from the composition of carbonic acid, 
vix. 5,65. 

The only distinct and well characterized species of carbureted 
hydrogen appear to me to be olefiant gas, or per-carbureted hydrogen; 
and the gas from stagnant water, called simply carbureted hydrogen, 
to which the epithet light is prefixed by some chemists, on account 
of its inferior specific gravity. Of these, with occasionally a portion 7 
of carbonic oxide, and other inflammable gases, the other varieties 
appear to be mixtures. The coal gas, for example, which is now so 
generally used for the purpose of affording light, I have show*f to be: 
a mixture of at least five others, the proportion of which varies at 
every successive stage of the distillation of coal. It b*s been con- 

~ ' ' '• 37 Phil. Mag, 260. f Phil. T/*ns. 1808. 
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tended, indeed, by Berthollet, Murray, and other philosophers, that 
carbon and hydrogen are capafile of uniting in a variety of propor- 
tions, not only with each otngr, but with oxygen. But there seems 
reason to believe, from a careful examination of all the best experi- 
ments on these'Xompounds, that hydrogen and carbon unite only in 
two definite proportions, and that these proportions are no other, 
than those constituting carbureted and per-carbureted hydrogen 
gases, viz. in the former one atom of charcoal to two atoms of hydro- 
gen, and in the latter an atom of each of those combustible bodies. 



On the Fire Damp of Coal Mines, and the Construction and Prin- 
ciple of the Safety-Lamp of Sir H: Davy* 

The fire-damp of coal mines, by an analysis of it which I published 
in 1806, was shown to be identical in composition with light carbu- 
reted hydrogen*. This conclusion coincides with the subsequent 
results of Sir H. Davy, whahas enlarged our knowledge of the che- 
mical history of the fire-damp, by several important factst. The most 
readily explosive mixture of fire-damp with common air he found to 
be one measure of the gas to seven or eight of air. This mixture 
was not set on lire by charcoal in a state of active combustion, nor 
by iron ignited to a red or even to a white heat, except when in a 
state of brilliant combustion; in which respects, the fire-damp differs 
from other combustible gases. 

It was in attempting to measure the expansion, occasioned by the 
combustion of a mixture pf fire-damp and air, that Sir H. Davy dis- 
covered a fact, which afterwards led him to the most novel and im- 
portant results. An explosive mixture could not, he ascertained, 
be kindled in a glass tube so narrow as f of an inch diameter ; and 
when two separate reservoirs of an explosive mixture were connect- 
ed by a metallic tube, \ of an inch diameter and 1 J inch in length, 
and one of the portions of gas was set on fire, the explosion did not 
extend to the other. Fine wire sieves or wire gauze, interposed be- 
tween two separate quantities of an explosive mixture, were also 
found to prevent the combustion of one portion from spreading to 
the other. A mixture of fire-damp and air in explosive proportions, 
was deprived of its power of exploding by the addition of about f its 
bulk of carbonic acid or nitrogen gas. 

Reflection on these facts suggested to Sir H. Davy the possibility 
of constructing a lampj, in which the flame, by being supplied with 
xmly a limited quantity of air, might produce carbonic acid and ni- 
trogen in such proportion as to destroy the combustibility of explo- 
siveh*ixture£ ; ana which might, also, by the nature of its apertures 
for giving admittance and exit to the air, be rendered incapable of 

* Nicholsons Journal, six. 149. f p hiL Trans. 1816. 

* A full histOky of the Safety Lamp, and of the chemical researches con- 
nected with it, ha* lately been published 'by Sir H, Davy, 8vo. printed for R 
Hunter, 1816. 
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Spreading combustion to the surrounding atmosphere, supposing this 
to be an inflammable one. 

This most desirable object was accomplished by the use of air- 
tight lanterns, supplied with air through tubes or canals of small di- 
ameter, or through apertures covered with wire gauze below the flame, 
and having a chimney at the upper part on a similar system, for carry- 
ing off the foul air. The apparatus was afterwards simplified, by cover- 
ing or surrounding the name of a lamp or candle with a cylindrical 
wire sieve, having at least 625 apertures in a square inch. Within, 
this cylinder, when the fire-damp encompassing it is to the air as 1 
to 12, the flame of the wick is seen surrounded by the feeble blue 
flame of the gas. When the proportion is as 1 to 5, 6, or 7, the cy- 
linder is filled with the flame of the fire-damp ; but though the wire 
fauze becomes red-hot, the exterior air, even when explosive, is not 
in died. The lamp is therefore safe in the most dangerous atmos- 
pheres, and has been used most extensively in the mines of White- 
haven, New-castle, and other places, without the occurrence of a 
single failure or accident. 

The effect of the safety-lamp depends on the cooling agency of 
the wire gauze, exerted on the portion of gas burning within the cy- 
linder. Hence a lamp may be secure where there is no current of 
an explosive mixture to occasion its being strongly heated ; and yet 
not safe, when the current passes through it with great rapidity. 
But any atmosphere, however explosive, may be rendered harmless, 
by increasing the cooling surface ; which may be done, either by di- 
minishing the size of the apertures, or by increasing their depth, 
both of which are perfectly within the power of the manufacturer of 
the, wire gauze. 

When a small coil of platinum wire is hung above the wick of the 
lamp within the wire gauze cylinder, the metal continues to glow, 
long after the lamp is extinguished, and affords light enough to 
guide the miner in what would otherwise be impenetrable darkness. 
In this case, the combustion of the fire damp is continued so slowly, 
and at so low a temperature, as not to be adequate to that ignition of 
gaseous matter which constitutes flame, though it excites a tempera- 
ture sufficient to render platinum wire luminous. A similar ignition 
of platinum wire, it has lately^ been found, may be supported for 
many hours, by surrounding the flame of a spint lamp with small 
coils of that metal, riot exceeding -^ of an inch in diameter. 
Twelve coils of this wire, twisted spirally round the tube of a tobac- 
co pipe, or round any thing that will render the coils about -^ of an 
inch in diameter, are to surround, six the wick of the lamp, and six 
to remain elevated above the wick. The wick should be small, and 
quite loose in the burner of the lamp ; and the fibres of the cotton, 
surrounded by the coil, should be laid as strait as possible. When 
the lamp, after being lighted for a few moments, is blown out, the 
platinum wire continues to glow for several hours, as long as there 
is a supply of spirit of wine, and to give light enough to read by ; 
and sometime* the heat produced is. sufficient to re»fcindle the lamp 
spontaneously 
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SECTION VII. 

Carburet of Nitrogen, or Cyanogen. 

To obtain cyanogen, it is necessary first to prepare a pure prussi- 
ate of mercury, by boiling fine powdered red oxide of mercury with 
twice its weight of prussian blue and a sufficient quantity of water* 
The compound is perfectly neutral, andcrystalizes in long four-sided 
prisms truncated obliquely. It still, however, contains a little iron, 
which may be separated by digesting the liquor, before evaporation, 
with a little more of the oxide of mercury, and saturating the excess 
of this oxide with a little prussic acid (see vol. ii.), or even with a lit- 
tle muriatic acid. The prussiate of mercury, thus obtained, must be 
completely dried at a temperature below that of boiling water, and 
then exposed to heat in a small retort, or in a tube closed at one ex- 
tremity. It first blackens, then liquifies, and the cyanogen comes 
over in the form of a gas, which may be collected over mercury. In 
the retort there remains a charry matter of the colour of soot, and as 
light as lamp black*. 

1. Cyanogen is a true gas, or permanently elastic fluid. Its smell 
is strong and penetrating. It burns with a bluish flame mixed witli 
purple. Its specific gravity is to that of common air as 1.8064 to 1. 
Hence 100 cubic inches at 60° Fahr. weigh 55 grains. 

2. Water at the temperature of 60° Fahr. absorbs almost 4 J times 
its volume, and pure alcohol 23 times its volume. 

3. When 100 measures of cyanogen are detonated, in a Volta's 
eudiometer, with 250 measures of oxygen gas, 200 measures of car* 
bonic acid result ; and 100 measures of nitrogen. There remain, also, 
50 measures of oxygen gas uncondensed. trom these data, it is cal- 
culated by Gay Lussac, that cyanogen is composed of two volumes 
of the vapour of charcoal and one volume of nitrogen, condensed into 
a single volume. Its density ought, therefore, to be 1.801 1, a num- 
ber not very remote from that obtained by experiment. 

4. Analysis by more complicated methods afforded the same re- 
sult, evincing that cyanogen yields by a decomposition effected by 
means of oxygen, twice its volume of carbonic acid and an equal vo- 
lume of nitrogen. No water whatsoever is formed during its com- 
bustion, if the gas be perfectly free from prussic acid vapour, a suffi- 
cient proof of the absence of hydrogen from its composition. 

5. The solutions of pure alkalies.and alkaline earths absorb cyano- 
gen ; and the liquid obtained, when poured into a solution of black 
oxide of iron, affords prussian blue, but not without the addition of 
an acid. At the same time, carbonic acid gas escapes in volume equi- 
valent to the cyanogen absorbed, and there is a perceptible smell of 
prussic acid. These changes will be more evident from the follow- 
ing recapitulation : 

, f r== 2 vol. char-1 decomposes f = 1 vol. oxygen 

cvanoffen 1 coal and J voL f * atom of J and 2 vol# hj ' 

* * (. nitrogen. J water I drogeu. 

* Gay Lussac, Ann. <Je Chim. vol. xcv.j or Thomson's Annals, viii. 37. 
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One volume of charcoal, uniting with one volume of oxygen, forms 
one volume of carbonic acid ; the remaining volume of charcoal, uni- 
ting with half a volume of nitrogen and half a volume of hydrogen, 
composes prussic acid; and the residuary half volume, of nitrogen 
and 1 £ volume of hydrogen compose together one volume of ammonia. 

6. It will afterwards be shown, that whenio two volumes of charcoal 
and one volume of nitrogen, together constituting; cyanogen, one vo- 
lume of hydrogen is joined, and the whole condensed into two vo- 
lumes, we obtain prussic acid. Cyanogen agrees then with chlorine 
and iodine, in being acidifiable by union with hydrogen. Hence its 
compounds with metallic bases have been called by Gay Lussac cya- 
nures, as those of- chlorine are called chlorures; but having else- 
where expressed a preference for the name of chlorides, I shall, from 
analogy, give to the compounds of cyanogen the name of cyanides. 



CHAPTER XII. 

SULPHUR.— SULPHURIC ACID*— SULPHATES.— BINARY COMPOUNDS OF 

SULPHUR. 

In describing sulphur and its compounds, I shall take them in the 
following order : 

I. Sulphur in its uncombined state. 

II. Sulphur united with its full proportion of oxygen, constituting 
% sulphuric acid; and the compounds of this acid with alkalies and 

earths, termed sulphates. 

III. Sulphur inited with a less proportion of oxygen, composing 
sulphurous acid ; and the compounds of this acid, called sulphites. 
It appears, also, from recent experiments, that there is a third acid, 
constituted of sulphur with a still less proportion of oxygen* This 
acid is at present known only in combination. It is called hypo- 
sulphurous or per-sulprurous acid. 

IV. The compounds of sulphur with alkalies and earths, termed 

SUPLHURETS. 

V. The combination of sulphur and hydrogen, named sulphuret- 
ed hydrogen ; and the compounds, which it forms with alkaline 
and earthy bases, called hydro-sulphurets. 

VI. The compound of sulphureted hydrogen with a still farther 
quantity of sulphur, composing super-sulphureted hydrogen; 
and its compounds with different bases called hydrogureted sul» 
phurets, or sometimes sulphureted-hydro-sulphurets.. 



SECTION I. 



SULPHUR. 



I. The sulphur, which occurs as an article of commerce, is a mi- 
neral production, and is brought to this country chiefly from Sicily. 
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That which is procured in our own island, is generally of very infe- 
rior quality, and contains a portion of the metal, from combination 
with which it has been separated. It is met with under two different 
forms ; of a compact solid, which has generally the shape of long 
rolls or sticks ; and of a light powder called flowers of sulphur* In 
general, the latter may be considered as most pure ; but the two va- 
rieties, it will presently appear, are readily convertible into each 
other by the modified application of heat. Its specific gravity is 1.98 
or 1.90. 

II. Sulphur is readily fused and volatilized. When heated to 
170° of Fahrenheit, it begins to evaporate, and to produce a very 
disagreeable smell ; at 185° or 190° it begins to melt; and at 220° 
is completely fluid. If the heat be rapidly increased, it loses at 350° 
its fluidity, and becomes firm, and of a deeper colour. It regains 
its fluidity, if we reduce the temperature ; and thiq may be repeated 
at pleasure, in close glass vessels, if the changes of heat be not slow; 
otherwise it is volatilized. It sublimes at 600°. 

III. If, after being melted, it be suffered to cool, it congeals in a 
crystalline form, but so confusedly, that we cannot define the shape 
of the crystals, farther than that they are slender, interlaced fibres. 
If a large mass be kept fluid below, while it congeals at the surface, 
the crystallization there is much more distinct. When sulphur in 
complete fusion, viz. at 300°, is poured into water* it becomes tena- 
cious like wax, and may be applied (as is done by Mr. Tassie) to take 
impressions from engraved stones, &c. These impressions are quite 
hard, when the sulphur has become cold. It is then of a red colour, 
and of the specific gravity 2.32.5. t 

IV. At the temperature of about 290° Fahrenheit, sulphur is con- 
verted into vapour ; and if this operation be condupted in close ves- 
sels, the volatilized sulphur is again collected in a *olid form. What 
remains has been called sulphur vitmm. This affords an example of 
the process of sublimation, which differs from distillation, in affording 
a solid product, while the latter yields a condensed liquid. In this 
mode, sulphur may, in part, be purified ; and its purification is com- 
pleted, by boiling it repeatedly in distilled water ; then in twice or 
thrice its weight ot nitro-muriatic acid, diluted with one part of dis- 
tilled water ; and, finally, by washing it with distilled water, till 
this comes off tasteless, and incapable of changing the blue colours 

f of vegetables. 

V. When flowers of sulphur are digested in alcohol, no union takes 
place ; but if the two bodies be brought into contact* when both are 
in a state of vapour, they enter into chemical union* This may be 
shown by an ingenious experiment of La Grange, the apparatus for 
performing which is represented in the first plate of his " Manual." 
Into a glass alembic (see the plates to this work, tig. 2) put a little 
sulphur ; over this suspend a small botle filled with alcohol ; and 
apply a receiver to the pipe of the alembic, the head being put into 
its place. Lute the junctures, and apply a gentle heat to the alembic. 
The sulphur will now be raised in vapour ; and the vapour surround- 
ing the bottle of alcohol, the latter will be volatilized, and will meet 
in this state the fumes of 6ulphur. A combination will take place, 
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between the two bodies, arid sulphurized alcohol will pa&9 into the 
receiver. On pouring this preparation into water, the sulphur will 
be precipitated.:. 

VI. Though it had already been suspected (chiefly from the expe- 
riments of M. Berth ol let, jun. described in sect. 6, art. 4, of this chap- 
ter) that sulphur contains hydrogen, yet the first unequivocal evi- 
dence of the fact was furnished by Sir H. Davy. A bent glass tube, 
having a platinum wire hermetically sealed into its upper extremity, 
was filled with sulphur. The sulphur was melted by heat; and a 
proper connection being made with the Voltaic apparatus ot 500 dou- 
ble plates, each six inches square and highly charged, a most intense 
action took place. A very brilliant light was emitted; the sulphur 
soon entered into ebullition; elastic matter was evolved in great 
quantities ; and the sulphur, from being of a pure yellow, became of 
a dark reddish brown tint The gas was found to be sulphureted 
hydrogen, or hydrogen gas holding sulphur in solution ; and its 
Quantity, in' about two hours, was more than five times the volume of 
the sulphur employed. 

Another proof of the presence of hyd-ogen in sulphur is derived 
from the action of potassium ; for these two bodies combine with 
great energy, and evolve sulphureted hydrogen, with intense heat 
and light. 

Lastly, when dry sulphur is burned in dry oxygen gas, Sir H. 
Davy is of opinion that, besides sulphuric acict, a portion of water is 
also formed ; but he is still doubtful whether the hydrogen in sul- 
phur can be considered as any thing more than an accidental ingre- 
dient This view of the subject is embraced, also, by Berzelius*, 
who found, by heating sulphur with oxide of lead, that the quantity 
of water produced is much too minute to indicate any definite pro* 
portion ot hydrogen in sulphur. 

Another ingredient of sulphur, it appeared probable from the ex- 
periments of Sir H. Davy, is oxygen. For potassium, after being 
made to act on sulphureted hydrogen gas, evolved less hydrogen front 
water, than it ought to have done. It has since, however, been proved 
by Gay Lussact, that when all sources of fallacy are avoided, a given 
weight of potassium, which has been exposed to sulphureted hydro- 
gen, separates exactly the same volume of hydrogen gas from water, 
as an equal weight of recent metal. Potassium, therefore, acquires 
no oxygen from the sulphur, which is contained in sulphureted hy- 
drogen. 

YlL Sulphur is inflammable, and appears susceptible of two dis- 
tinct combustions, which take place at different temperatures^. At 
140° or 150° Fahrenheit, it begins sensibly to attract oxygen ; and if 
the temperature be raised to 180° or 190°, the combination becomes 
pretty rapid, accompanied by a faint blue light But the heat evolved 
is scarcely sensible ; at least it is so weak, that the sulphur may 

* 79 Ann. de Chim. 119. \ Ann. de Chim. vol. Lcxiii. 

t For an account of the oxides of sulphur, see Dr. Thomson's paper in Ni* 
' 'etrafaen's Journal, vi. 101. 
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thus be burned out of gunpowder, and the powder be rendered use* 
less without inflaming it. At a temperature of 300°, its combustion, 
though still feeble compared with that of some other bodies, is much 
more active, and accompanied with a redder light When set on 
fire in oxygen gas, it burns with a very beautiful and brilliant light ; 
but of a given quantity of oxygen gas, it is not possible to condense 
the whole by this combustion, for reasons which hereafter will be 
stated* The product of these combustions, when examined, will be 
found to be sulphurous and sulphuric acid, but chiefly the former, 
and if water be carefully excluded, sulphurous acid only is formed. 
It is necessary, therefore, in order to produce sulphuric acid to make 
the experiment over water. 



SECTION II. 

Sulphuric Acid. 

The properties of this acid must be exhibited by a portion of that 
usually found in the shop3. They are as follows: 

(a) Sulphuric acid has a thick and oily consistence ; as may be 
seen by pouring it from one vessel into another. 

(b) In a pure state, it is perfectly limpid and colourless. 

(c) When mixed suddenly with water, considerable - heat is pro- 
duced. Four parts, bv weight, of concentrated sulphuric acid, and 
one of water, when mixed together, each at the temperature of 50° 
Fahrenheit, have their temperature raised to 300°, 

When an ounce of water has been suddenly mixed with three of sul- 
phuric acid, and the mixture been suffered to cool to the tempera- 
ture of the atmosphere, an additional half oz. of water raises it to 86°, - 
a second to 96°, and a third to 104°*. The greatest elevation of 
temperature, Dr. Ure finds to be occasioned by the sudden mixture 
of 73 parts by weight of strong sulphuric acid with 9,7. of water. 
This rise of temperature takes place, because the affinity or capa- 
city of the compound of sulphuric acid and water for caloric, is less 
than that of the acid and water separately. A diminution of bulk 
also ensues ; that is, one measure of acid and one of water do not 
occupy the space of two measures, but about y^th less ; and the 
greatest condensation results, when those proportions are used, 
which give the greatest increase of temperature. Owing to the heat 
produced by its admixture with water, the dilution for ordinary pur- 
poses, should be conducted very gradually ; and the acid should be 
added to the water by small portions at once, allowing each portion 
to cool before a fresh addition is made. On the principle of its 
attraction for water is to be explained, also, the rapid increase of 
weight which the acid requires when exposed to air. In one day, 
three parts of sulphuric acid, exposed to the atmosphere, are increase 

* 1 Philips on the London Phannac. p. 24. 
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cd in weight one part ; and one ounce, by twelve months' exposure, 
has been found to gain an addition of 6$. 

(d) Perfectly pure sulphuric acid remains quite limpid during di- 
lution. The sulphuric acid, however, commonly found in the shops, 
under the name of oil of vitriol, on admixture with water, deposits a 
white powder, in considerable quantity, consisting of various impuri- 
ties, but chiefly of sulphate of lead. Berzelius has found, also, a mi- ' 
nute quantity of titanium in sulphuric acid of English manufacture, \ 
and tellurium in acid prepared at Stockholm*. By evaporating 
sulphuric acid of commerce in a platinum dish, Br. Ure has obtain- 
ed from one half to three quarters of a grain in 100 of solid matter, 
consisting of about two parts of sulphate of potash and one of sul- 
phate of leadt. 

(e) Sulphuric acid is nearly twice as heavy as water. The speci- 
fic gravity of the strongest pure acid that can be obtained, is 1.850 ; 
but even this contains 19 (according to Dr. Wollaston, 18.44) per 
cent, of water, which appears essential to its constitution, and can on- 
ly be separated by combining the acid with a base. Dr. Ure states that 
genuine commercial acid should not exceed 1.8485. When denser, 
its purity may be suspected. It has been ascertained by Mr. Dal ton, 
that acid, of nearly the maximum strength, has its specific gravity ve- 
ry little altef ed, by adding' or subtracting small portions of water. 
Thus acids containing 81 and 80 per cent, of acid, do not differ more 
than 1 in the third place of decimals ; nor is the specific gravity pro- 
portionally" changed by dilution till it falls as low as 1.78. .The • 
strength of the more concentrated acid may be better ascertained, 
by observing haw much water is required, to bring it down to the 
specific .gravity 1.78. The boiling point; also, Mr. Dalton has dis- 
covered, is a much better test of its strength ; and he has construc- 
ted the following useful Table, in which account is taken of all these 
circumstances. 

* Thomson's Annals, x. 464. 

iJourn. of Science, iv. J 15.  
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CHAP. XII. 


Mr. Dalton's Table of the Quantity of real Acid 


in 100 Parts of 


Liquid Sulphuric Mid, 


at the Temperature 60° 


Fahrenheit 


Atoms 
Acid Water. 


Real Acid 
per cent, by 
Weight. 


Real Acid 
percent, by 

Measure. 


Specific l 
Gravity. 


Boiling Point. 


1+0 


100 


unknown. 


unknown. 


unknown. 


1+0 


81 


150 


1.850 


620° 




80 


148 


1.849 


605* 




79 


146 


1.848 


590° 




78 


144 


1,847 


575° , 




77 


142 


. 1.845 


560 a 


• 


76 


140 


1.842 


545° 




75 


138 


1.838 


530° 




74 


135 


1.833 


515° 




73 


133 


1.827 


501° I 


i 


72 


131 


1.819 


487° 




71 


129 


1.810 


473° - \ 




70 


126 


1.801 


460° 




69 


124 


1.791 


447* 


1+2 


68 


121 


1.780 


435° ' 




67 


118 


1.769 


422° 




66 


116 1.757 


'410° 




65 


113 


1.744 


400* 




64 


111 


1.730 


391° 




63 


108 


1.715 


382° 




62 


105 


1.699 


374° 




61 


103 


1.684 


367° <• 


* 


60 


100 


1.970 


360° i 


1+3 


58.6 


97 


1.650 


350° 1 




50 


76 


1.520 


290° J 




40 


56 


1.408 


260° * 


1 + 10 


80 


S9 


1.30+ 


240° 


1 + 17 


20 


24 


1.260 


224° 


1 + 38 


10 


11 


1.10—. 


218° 



It has been ascertained by Dr. Ure , that by adding about 2 J per 
cent of its weight of sulphate of potash to concentrated oil of vit- 
riol, its specific gravity may be increased to 1.860. ' The only mode, 
therefore, of ascertaining exactly the strength of oil of vitriol is by 
saturating a known quantity with an alkali ; and it may be assumed 
as sufficiently correct, that 100 grains of dry sub-carbonate of soda 
neutralize 92 grains of pure liquid sulphuric acid ; or that 100 grains 
of the acid require 108, or 108.5, of the sub-carbonate for saturation. 

It is sometimes of importance to the chemical artist to know the 
proportion, not of real acid, but of acid of commerce,' in diluted sul- 
phuric acid of different specific gravities. An approximation to the 
true proportion may be obtained, by increasing tne numbers, indi- 
cating the real acid, one fourth. For example, acid of the specific 
gravity 1.200, contains according to the above table, 20 per cent of 
real acid ; which increased one fourth! gives i5 per cent of acid of 
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sp. gr. 1.849. Avery copious Table of the quantities of sulphuric 
acid of commerce in acid of different densities, constructed by Mr- 
Parks from actual experiment, is given in the 40th volume of the 
Philosophical Magazine, and in vol. ii. of his Chemical Essays, p. 
144. Its length only prevents me from inserting it here. The shorter 
Table of Vauquelin, in the 30th volume of Nicholson's Journal, is 
rendered less fit for the English chemist, because the acid, employed 
in the experiments on which it is founded, is inferior in density to 
the average acid sold in this country* In taking the specific gravity 
of sulphuric acid, it is of importance to attend to its temperature*, 
which must be examined by a thermometer, having its bulb perfectly 
dry. According to Dr. Ure, 10° Fahrenheit make a difference in the 
density of oil of vitriol of 0.005. With due attention to this, and 
other necessary precautions, Or. Ure has constructed a Table, which, 
as it is of moderate length, and exhibits at one view the proportion 
not only of real or dry acid, but of liquid acid, in sulphuric acid of 
different specific gravities, I shall insert in the Appendix. In the 
memoir of which the Table forms a part, Dr. Ure has endeavoured 
to establish some general formulae for calculating the proportion of 
oil of vitriol in dilute acid of any specific gravity, and also for find- 
ing the specific gravity corresponding to a given proportion of acidt. 

(/) Sulphuric acid, by a sufficient reduction of its temperature, 
may be frozen ; and under favourable circumstances, it assumes a 
regular crystalline form, a considerable degree of solidity or hard- 
ness, and a density exceeding that which it possessed in a fluid state. 
From the experiments of Mr. KeirJ it follows that there is a certain 
point of specific gravity (viz. 1780 to 1000), at which the sulphuric 
acid most readily congeals ; and when of this degree of strength it 
requires even a less degree of cold than is sufficient to freeze water, 
its congelation taking place at 45° Fahrenheit. From the specific 
gravity of 1786 on the one hand to 1775 on the' other, it freezes at 
32° Fahrenheit. It is singular that it remains congealed at a tempe- 
rature higher than that originally required for freezing it. Acid, for 
example, which did not become solid till its temperature was reduced 
to 32°,' remains at frozen 45°. When of the specific gravity of 
1843, or as nearly as possible- of that of commerce, it was found by 
Mr. Macnab§ to freeze at — 15° Fahrenheit ; but this acid, mixed 
with rather more than half its weight of water required for conge- 
lation the temperature of — 36° Fahrenheit. 

(g) To purify sulphuric acid, it must be distilled in a glass re- 
tort, placed in the sand-bed of a reverberatory furnace. This process 
is a difficult one. But to those who have sufficient experience in 
chemical operations, the following instructions may be useful ; es- 
pecially as it is indispensable, in all , experiments of research, to 
employ an acid purified by distillation. 

x he furnace, in which this process is conducted, should have a 
contrivance for Supporting a sand bath within it at a proper height ; 
and an opening in the side, for transmitting the neck of the retort 

* See Parke's Essays, ii. 461. f Journal of Science, iv. 127. 

* Philosophical Transactions, Ixxvii. 267. § Ibid, lxxvi. 241. 
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(PL vii. fig. 62, 63.) The retort must be coated with clay and sand 
over its whole body, and also over that part of the neck which is ex- 
posed to the fire. It is then to be placed, the coating being pre- 
viously dry, in the sand-bath, about one half filled with sulphuric 
acid ; and a receiver must be applied, but not luted on. The fire 
must now be lighted, and raised with extreme caution. The first 
portion that comes over, amounting to about one sixth, consists 
chiefly of water, and may be rejected. This is followed by the con- 
centrated acid : and, at this period, there is great risk that the neck 
of the retort will be broken, by the contact of the condensed .acid, 
which has a very high temperature, and which frequently cracks the 
glass, as effectually as the application of a red-hot iron. The fire 
must be regulated by the register door of the ash-pit, so that 
several seconds may elapse between the fall of the drops into the 
receiver. The process may be continued as long as any acid is con- 
densed. The retorts, employed for this purpose, should be most at- 
tentively annealed. 

The difficulty of rectifying sulphuric acid is much diminished, by 
using a retort of the capacity of from two to four quarts when a pint 
of the acid is employed, and by connecting its neck with the re- 
ceiver by means of an adopter three or four feet long% The retort 
may be set over a charcoal fire, and the flame made to play gently 
on its bottom. No luting is to be employed * and the receiver is to 
be surrounded with cold water. With this arrangement, and a cau- 
tious regulation of the heat, Dr. Ure finds that sulphuric acid may 
be distilled without much risk, in a continuous gentle stream*. 

Sulphuric acid may be less perfectly purified by diluting it with an 
equal weight of water, allowing the impurities to settle, decanting the 
clear liquor, and evaporating it to the proper degree in a glass retort. 
(K) The proportion of the elements of sulphuric acid has been in- 
vestigated by several chemists. l*erthollet oxygenated 17.846 parts 
of sulphur by nitric acid, and obtained a quantity of sulphuric acid, 
which gave 127.515 parts of sulphate of barytes. Hence 100 parts 
of sulphur would have formed 230.79 parts of real sulphuric acid 
(— about 292 of density 1.85) ; but this product falls short of what 
ought to have resulted., Klaproth, Richter, and Bucholz obtained re- 
sults nearly agreeing with each other. Berzelius, to avoid all fallacy 
from the hydrogen contained in sulphur, combined it, in the first 
place, with lead, which, like other metals, always evolves much hy- 
drogen, and then oxygenated the sulphuret. The following Table 
exhibits the proportions, deduced from different experiments* in 100 
parts of real acid : 

Sulphur. Oxygen. 
From the experiments of Berthollet . . 43.28 . . 56,72 

Klaproth . . 42.20 . . 57.80 

• • — — . Bucholz . . . 42.50 .. 57.50 

Berzelius . . 39.92 . . 60.08 

Proportions admitted by Dr. Wollaston .. 40.0 .. 60.0 

If the proportions be taken at 40 sulphur and 60 oxygen, and if 
the acid consists, as Mr. Dalton supposes, of 1 atom of sulphur and 

• Journal of Science, iv, 116. 
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3 atoms of oxygen, the atom of sulphur will weigh 15 ; for as (60t* 
3=) 20 is to 40 so is 7.5 to 15 ; ana the weight of an atom of sul- 
phuric acid will be 37.5. Mr. Dalton's numbers are 1 3 for the atom 
of sulphur, and 34 for that of sulphuric acid ; the difference being 
occasioned by his taking oxygen at 7, instead of 7J5. 

A coincidence has been pointed out by Berzelius, which is very 
remarkable, and is deemed by him sufficiently general, to be admit- 
ted as a law ; viz. that in any combination of two oxygenated bodies, 
with each other, the oxygen of the one is either a multiple or divisor 
of that of the other, by some simple number. Sulphuric acid, of 1850 
density, affords an illustration oi this principle; for it consists of 81 
real acid and 19 water; and it will be found that the oxygen in the 
acid is, as nearly as possible, 48 ; and the oxygen in the water 16, 
so Jhat in this case the multiple is 3, for 16 x 3 = 48. Various 
other examples of the same general principle will be given, in treat- 
ing of metallic oxides. In all neutral compounds of sulphuric acid 
with alkaline, earthy or metallic bases, the acid contains a quantity 
of oxygen, which exceeds that in the base by the same multiple 3. 

(i) Sulphuric acid is decomposed at the temperature of the atmos- 
phere, by inflammable substances, and acquires a dark colour. The 
addition of a little brown sugar, or a drop of olive oil, to a portion of 
the acid, imparts to it a brownish hue, which in time changes to 
black. Hence this acid should always be kept in bottles with glass 
stoppers ; for a small bit of straw or cork, if dropped into a conside- 
rable quantity of sulphuric acid, changes it in the manner that has 
been pointed out 

(k) In high temperatures, sulphuric acid is still farther decompo- 
sed by combustible bodies. 

1. Hydrogen gas, brought into contact with sulphuric acid, in a 
state approaching ignition, decomposes it, and water and sulphurous 
acid are formed. This, however, is a most dangerous and difficult 
process, which it is not adviseable to repeat. 

2. According to Gay Lussac, sulphuric acid is decomposed by 
heat alone, ana is resolved into two parts by measure of sulphurous 
acid gas, and one of oxygen gas. This experiment is best performed 
by passing the acid through a red-hot tube of glass or porcelain. 

3. Sulphur, by being boiled in sulphuric acid, partly de-oxygenates 
it, and converts a portion of it into sulphurous acid, which comes 
t)ver in a gaseous state. 

4. Into a glass retort, put such a quantity of sulphuric acid as will 
fill about one fourth part of it, and add a small portion of powdered 
charcoal. On applying the heat of a lamp, gas will be produced ve- 
ry abundantly. Let this gas be conveyed by a tube fixed to the 
mouth of a retort, and bent in the proper manner, into an inverted 
jar of water ; or, if it can be had, into an inverted jar of quicksilver 
in a mercurial apparatus. During this operation, the carbon attracts 
part of the oxygen of the sulphuric acid, and forms carbonic acid 
gas. But the sulphur is not entirely disoxygenated ; and a compound 
is therefore formed of sulphur and oxygen, containing less oxygen 
than the sulphuric acid. This compound exists in the state of a gas, 
and its properties may next be examined. To avoid, however, the 
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complication which the admixture of carbonic acid with this new pro- 
duct introduces into the experiment, it may be proper to prepare it 
in a mode less objectionable, but the rationale of which cannot at 
present be explained. This consists in dissolving two parts, by 
weight, of quicksilver in one of sulphuric acid, and boiling the mass 
to dryness, in the bottom of a broken Florence flask. The dried 
mass is next to be distilled in a strong sand -heat ; a glass globe be* 
ing interposed between the retort and the receiving mercurial trough, 
to condense any sulphuric acid that may escape decomposition. 
(See pi. iii. fig. 31.) The gas thus obtained is termed, conformably 
to the principles of the new nomenclature, sulphurous acid* 

SECTION HI. 

Sulphurous Acid Gas, 

Sulphurous acid may be formed, also, 1st, by burning sulphur at 
a low temperature in common air, under a glass bell ; and if slips of 
linen cloth, dipped in a solution of potash, be exposed to the vapour, 
the alkali forms a combination with the sulphurous acid, which may 
afterwards be washed off and evaporated. The dry salt, distilled 
with liquid tartaric acid, gives sulphurous acid gas. 

2dly. It is formed, exclusively, when sulphur is burned in dry' 
oxygen gas. The gas, when restored to its original temperature, is 
found to t>e contracted ^th or -i-th of its bulk ; but this is probably 
owing to the hydrogen contained in sulphur, for there is every rea- 
son to believe that oxygen gas, by becoming sulphurous acid, is not 
at all changed in volume. 

Sdly. It is produced, by heating red oxide of mercury with one 
fourth of its weight of sulphur, in the proportion of about a cubic inch 
for every five grains of the oxide. 

Its properties are the following : 

(a) It has a pungent and suffocating smell, exactly resembling that 
which arises from burning sulphur. 

(b) It is more than twice as heavy as atmospherical air. One 
hundred cubic inches are stated by Mr. Kirwan to weigh 70.215 
grains, which would make its specific gravity 2.265. By Sir H. 
Davy, the same volume is said to weigh 68 grains, which would give 
the specific gravity of 2.23. According to a calculation of Gay Lus- 
sac, founded on* the proportion of its elements, its specific gravity 
should be £.30314. Berzelius finds it by experiment to be 2.247*. 

(c) Monge and Clouet assert, that if the gas be exposed, at the 
same time, to a temperature of 31° Fahrenheit, and to great pressure, 
it assumes a fluid state. 

(d) It extinguishes burning bodies; and kills animals, when re- 
spired. 

(e) It has the property of whitening or bleaching silk, and of giv- 
ing it lustre. , 

(f) Of sulphurous acid, water absorbs 33 times its bulk, or one 
eleventh of its weight, caloric is evolved, and the solution at 68° has 
the specific gravity 1.0513. Mr. Dalton states the quantity absorbed 

* Ann. de Chin, et Pbys. v. 178. 
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to be only 22 times the bulk of the water. From the solution, when 
recently prepared, the gas may be separated by heat, but not by con- 
gelation. 

(g) The watery solution does not redden infusion of litmus, as 
acids in general do, but totally destroys its colour. Hence its use in 
bleaching several vegetable and animal products. It restores the 
colour of syrup of violets, which has been reddened by other acids*. 

(h) Sulphuric acid, saturated with this gas, which may be effected 
by passing the gas through the acid, acquires a strong smell, a yel- 
lowish brown colour, smokes when exposed to the air, and has the 
property of assuming a solid form, by a moderate reduction of its 
temperature. When distilled, the first product, which is a compound 
of the two acids, assumes a solid form. It has been called glacial 
sulphuric acid. It has however, been asserted by Vogelt, that the 
presence of sulphurous acid is not the cause of the glacial quality of 
oil of vitriol ; and that, when converted to this state, by boiling in 
contact with sulphur, it contains no sulphurous acid. The nature of, 
the change he has not yet fully explained. 

(i) Sulphurous, acid is absorbed by crystallized borax, and by 
means of this property, Cluzel observes, may be separated from car- * 
bonic acid, and some other gases}. 

Sulphurous acid is again converted to the state of sulphuric by - 
restoring oxygen to it. 

1. A mixture of oxygen and sulphuric acid gases, both perfectly 
dry, and standing over mercury, is not diminished by remaining in 
contact with each other during some months ; but if a small quantity 
. of water be added, the mixture begins to diminish, and sulphuric 
acid is formed. The same gases in a state of mixture, by the action 
of electricity, or by being driven through a red-hot porcelain tube, 
afford sulphuric acid. The proportions required for mutual satura- 
tion are two measures of sulphurous acid and one of oxygen gas. 

2. To a portion of water saturated with sulphurous acid gas add 
a little oxide of manganese, a substance that contains much oxygen, 
loosely combined. The pungent smell of the water, and the other 
characteristics of sulphurous acid, will soon disappear. 

3. Sulphurous acid gas is condensed into sulphuric acid by ad- 
mixture with nitrous gas, and also by oxmuriatic acid gas; but not 
unless the gases are in contact with water. . 

(k) When the temperature of sulphurous acid gas is greatly re- 
duced, by surrounding it with, a mixture of snow and muriate of 
lime, it is changed into a liquid, 

(/) If sulphurous acid gas and fresh muriate of tin are brought in- 
to contact over mercury; the volume of the gas is speedily dimin- 
ished, sulphur is deposited, and the pro-muriate becomes a per-mu- 
riate of tin. (Accum.) 

(m) It is decomposed, when submitted to the heat of ignition, in 
contact with certain combustible bodies. Thus, when a mixture of 
sulphurous acid and hydrogen gases are driven through a red-hot 
porcelain tube, the oxygen of the acid combines with the hydrogen, 

* Nicholson's Journal, xvii. 303. f Ann. de Chim. 283. 

t 83 Ann. it Ckim. 259. 
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and forms water, and sulphur is obtained in a separate form. The 
sulphurous acid is decomposed, also, when transmitted over red-hot 
charcoal ; and as appears from Gay Lussac's experiment, by potas- 
sium. 

From the testimony of the same chemist we learn that 100 parts 
of sulphur, to become sulphurous acid, unite with 95 oxygen. The 
following Table shows the numbers derived from different authori- 
ties. Sulphurous acid contains per cent. 

Sulphur. Oxygen. 

According to Gay Lussac .. 51.30 .... 48.70 

Berzelius . . 50.03 .... 49.97 

.  Thomson . . 53.0 .... 47.0 

The determination of Berzelius, of equal weights of its ingredi- 
ents, agrees best with the specific gravity of the gas ; for if 100 cu- 
bic inches weigh 68, and 100 cubic inches of oxygen 34, the remain- 
ing 34 must consist of sulphur. Its atomic constitution, according to 
Mr. Dal ton, is 1 atom of sulphur +2 atoms of oxygen ; and the weight 
of its atom will, therefore, be 30. 

The combination of 1 atom of sulphur with 1 atom of oxygen con- 
stitutes probably the acid, which is formed in solutions of alkaline 
sulphurets by exposure to the atmosphere. Of this which has been 
called hypo-sulphurous acid, the little that is known will be found 
under the article sulphurets ; but it has not yet been obtained in an 
uncombined state. 



SECTION IV. 

Combination of Sulphuric Acid with Alkalies, 

Art. 1.— Sulphate of Potash* 

This salt may be formed by saturating the carbonate of potash 
with sulphuric acid, and crystallizing the solution. Its properties 
ace the following : 

Sa) It crystallizes in small six-sided prisms, terminated by six-si- 
1 pyramids with triangular faces. Its specific gravity, according 
to Hassenfratz, is 2.0473. 

(b) It has a bitter taste. 

(c) It decrepitates when thrown on a red-hot iron, or on red-hot 
coals, and is volatilized by a strong heat, first running into fusion. 
By a low red heat it loses very little of its weight, not more than one 
and a half or two per cent. Indeed it does not essentially contain 
any water. 

(d) < Water, at 60° of Fahrenheit, takes up only one sixteenth of 
its weight ; but boiling water dissolves one fifth, or by continuing 
the application of heat even one fourth. 

(e) The composition of this salt is determined by the quantity of 
sulphate of barytes, which its solution affords when decomposed by 
any baryticsalt. From 100 parts of the ignited salt, dissolved in 
water, Dr. Marcet obtained 132 of sulphate of barytes, Berzelius 
134.68, and Mr. R. Phillips, 136.7. Hence the Ncomposition of the 
salt (reckoning the acid in sulphate of barytes at 33.5 par cent.) is, 
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Acid. 


Base. 


Dr. Marcet 


44.22 


55.78 


Mr. Phillips 


45.79 


54.21 


Bucholz 


46.21 


53.79 


Dalton 


44.70 


55.30 


Berard 


42.76 


57.24 


Berzelius 


45.0 


55.0 


Dr. Ure 


45.5 


54.5 



> If the weight of the atom of potash be 50, and that of sulphu- 
ric acid 37.5, the determination of Berard would be nearest the 
truth; but the proportions which would best suit the weights as- 
signed by Mr. Dalton (42 for potash and 34 for sulphuric acid), 
are those approaching to 45 acid and 55 base. For though some 
doubt ma j exist as to the precise weights of the atoms of potash 
and sulphuric acid, it can scarcely be questioned that this salt is 
composed of one atom of potash united with one atom of acid. 
Mr. Dalton's numbers make the weight of the atom 76, and the 
corrected ones would increase it to 87.5. 

(/) Sulphate of potash is decomposed, in high temperatures, by 
charcoal. Mix any quantity of the salt with one fifth of its weight 
of charcoal finely powdered, and expose the mixture, in a crucible, 
to a strong heat. The carbon will unite with the oxygen of the 
sulphuric acid, and will escape in the state of a gas. What re- 
mains is a compound, hereafter to be described, of sulphur and 
potash, or more probably of sulphur and potassium.* No change 
is effected in sulphate of potash by fusion with sulphur, which 
sublimes unaltered.t * 

Bi-sulphate of Potash. 

When to a saturated solution of sulphate of potash in boiling 
water, we add an excess of sulphuric acid, the first crystals, which 
are formed, contain a considerable excess of sulphuric acid, not 
less in the whole, according to Berthollet^ than 55.8 per cent. 
By continuing to evaporate the solution, we obtain successive quanr 
tities of crystals, which hold less and less acid in combination. 
Thus the second set, according to the same chemist, contain only 
49.5 per cent, of acid; and he was therefore of opinion, that sul- 
phuric acid and potash are capable of uniting in all proportions. 
ft is much more agreeable, however, to analogy to believe, that in 
this, as in all other energetic combinations, the proportions are 
limited. The bi-sulphate or super-sulphate, it is probable, consists 
of one atom of base with two atoms of acid, or of 55 base + 90 
acid; and its composition may be contrasted with that of the sul- 
phate as follows: 

* Vauquelin, Ann. de China, et Phys. v. 31. f Ibid. p. 20. 

I Mlmoires d' Areueil, ii, 480. 
Vol. I.— M m 
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* Bi-sulphate. 

Potash 38 100 

Sulphuric acid 62 164 

100 264 



Sulphate. 
55 100 

45 82 



100 182 



This salt has an intensely sour taste, and a powerful action on 
blue vegetable colours. One part is soluble in two of water ?t 60°, 
and in less than an equal weight at 212°. It is insoluble in alcohol. 



Art. 2.— Sulphate of Sofa. 

(a) This salt forms regular octahedral crystals, of a prismatic 
or cunieform figure; the two terminating pyramids of which ape 
truncated near their basis. 

(b) It has a more bitter taste than the preceding sulphate, and 
melts more easily in the mouth. 

(c) It swells upon a heated iron, in consequence of the loss of 
its water of crystallization, and a white powder is left, amounting 
to only about 36 parts from 100 of the original salt, or 43.2 accord- 
ing to Bucholz. 

(d) By exposure to the atmosphere, it effloresces, and loses 
weight, and with so much quickness, that jit is difficult to ascertain 
precisely its water of crystallisation. JJerzelius states it at 
5$ per cent. 

(e) It is very soluble in water, three parts of which, at 60° of 
temperature, dissolve one of the salt; and boiling water dissolves 
its own weight. 

(/) Its composition is inferred from the quantity of sulphates 
of barytes, obtained by decomposing the solution of a known 
weight of this salt by any barytic salt. Bucholz, from 1000 grains 
of the crystallized salt (= 432 deprived of water) obtained 698 
of sulphate of barytes; and JJerz,elius, from 5 parts of the dry 
salt, precipitated 8.16 of sulphate of barytes. His experiment, to 
have corresponded with that pf Bucholz, should have given 8.12. 
Assuming the acid in sulphate of barytes to be 33.5 per cent, 100 
parts of dry sulphate of sod£ (giving 161*3 of the l&arytic sulphate) 
must consist qf 

Base - - - 46 - « - 1QQ 
Acid --. 54 - - - J17.5 



100 



Mr. Dalton's numbers are 54.8 acid + .45.2 base; Dr. Wollas- 
ton's 56 + 44; Dr. Ure's 55.55 + 44*45; and those of Berzelius 
55.76 + 44.24. But whichever of these numbers may be adopted, 



 



1 



.: 
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it will be found not inconsistent with the opinion, that the salt is 
composed of one atom of base + one atom of acid. 

The crystallized' sulphate consists, calculating from the data* 
furnished bj Berzelius, of 

Soda 19.36 

Aqid 24.64 

Water - ... 56. 



100. 



Art. $.^-£fafyhitf# of AMnonicL 

Sulphate of Ammonia may be composed by adding sub-carbo- 
nate of ammonia to dilute sulphuric acid; 100 parts. of the com- 
pact sub-carbonate requiring, according to Dr. Ure, 88 concentra- 
ted sulphuric acid. 

(a) The sulphate of ammonia forms long flattened prisms with 
six sides; terminated by six-sided pyramids. 

(V) It slightly attracts moisture from the air. 

[c] It has a cool bitter taste. 
) Two parts of water, at 60°, take up one of the salt, arid 
boiling water dissolves its own Weight. During solution, it produ- 
ces cold; and also when mingled with powdered ice, or with sflow. 

(e) The sublimed salt has an excess of acid; a portion of the 
base being expelled by the application of heat. 

(/) It contains, per cent., according to Berzelius, 

Ammonia - - - - 22.6 

Sulph. acid - - - 53.1* 
Water - - - - 24.3 



100. 



When dried as completely as possible without decomposing it} . 
Dr. Ure found this salt to consist of 61 acid + 39 base, WmdK 
base was itself constituted of 25.96 ammonia and 13.04 water. 
According to Dr. Wollaston's scale of equivalents, the numbers aref 
61 acid, 26} ammonia, and 13£ water.* 

(g) Sulphate of ammonia liquifies, by a gentle heat, and is vo- 
latilized. If a little stronger heat be applied, it is decfompdsedif 
and hence great care is required in drying it 

* Thomson's Annals, x. 205. 

t See Mr. Hatchett's paper in Philosophical Transactions; 1796; or Da- 
vy's Researches. 
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(h) The pure fixed alkalies, potash, and soda, seize the sulphu- 
ric acid, and set at liberty the alkali. Hence a strong smell of 
ammonia arises on the admixture of pure soda or potash with this 
salt. 



Art. 4.— Sulphate of Barytes. 

Barjtes has a powerful affinity for sulphuric acid; and the com- 
bination of these two bodies may be effected with great facility. 

(a) To a solution of pure barytes, add sulphuric acid. A white 
precipitate will appear, which is the sulphate of barytes. 

(b) The same compound is formed, by adding sulphuric acid to 
carbonate of barytes, or to a solution of muriate or nitrate of 
barytes. 

(c) The sulphate of barytes is one of the most insoluble sub- 
stances, requiring for its solution 43,000 times its weight of water. 

(d) Barytes has a stronger affinity than any other body for sul- 
phuric acid. 

(e) Owing to these properties the* solutions of pure barytes, and 
of the nitrate and muriate of barytes, are very sensible tests of 
sulphuric acid, and of all its combinations. Let a single drop of 
sulphuric acid fell into a wine quart of pure distilled water. . On* 
adding a few drops of one of the foregoing solutions of barytes, a 
precipitation will ensue. 

(/) Sulphate of barytes is decomposed by carbonate and sub- 
carbonate of potash. Boil the powdered sulphate with a solution 
of twice or three times its weight of sub-carbonate of potash. 
The carbonic acid will pass to the barytes, and the sulphuric to the > 
potash. 

Some curious facts respecting this decomposition have been as- 
certained by Mr. 'Richard Phillips.* When sulphate of barytes is 
boiled, for two hours, in contact with precisely its equivalent quan- 
tity of sub-carbonate of potash, (that is, with the quantity which 
ought to produce entire decomposition), only^one fourth of the sul- 
phate of barytes is converted into carbonate. Reversing the pro- 
cess, and boiling together equivalent quantities of carbonate of ba- 
rytes and sulphate of potash (the mutual decomposition of which 
could not have been expected from the established order of af- 
finities) it was found that, out of 85 parts of carbonate of barytes, 
67 had been changed into sulphate. It is obvious, therefore, that 
the entire decomposition of sulphate of barytes by carbonate of 
potash can never be expected, so long as the carbonate of barytes, 
formed by the mutual action of these two salts, remains in con- 
tact with the sulphate of potash generated at the same time; for 
this will re-convert the carbonate of barytes into sulphate. Nor 

. * Journal of Science, &c. i. 80. 
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will any quantity of carbonate of potash, that can be employed, 
be adequate to the entire decomposition of the sulphate of barytes* 

(g) By this process carbonate of barytes may, however, be pro- 
cured in sufficient quantity for the purpose of preparing the pure 
earth, and its various salts, when the native carbonate cannot be 
had in sufficient abundance. The sulphate is found, in considera- 
ble masses, accompanying lead ore, in Derbyshire and other parts 
of England, where it is known by the names of cawk, ponderous 
spar, &c. When applied to the purpose of obtaining the carbo- 
nate of barytes, it is to be finely powdered, mixed with three or 
four times its weight of sub-carbonate of potash, and boiled with 
a proper quantity of water for a considerable time, in an iron ket- 
tle, stirring it, and breaking down .the hard lumps, into which it is 
apt to run, by an iron pestle. It is then to be washed with boiling 
water, as long as this acquires any taste. On the addition of dilute 
muriatic acid, a violent effervescence will ensue, and a considera- 
ble portion of the earth, probably along with, some metals, will be 
dissolved. To the saturated solution, add solution of pure ammo- 
nia, or, in preference, a solution of pure barytes in water, as long 
as it disturbs the transparency of the liquor. This will throw down 
any metals that may be present; and the barytes may afterwards 
be precipitated in the state of a carbonate, by a solution of carbo- 
^ nate of -potash. Let the precipitated earth be well washed with 
distilled water; and if the pure barytes is to be obtained from it, 
let it be treated as directed, chap. x. 

(h) Sulphate of barytes is also decomposed when ignited with 

powdered charcoal, which abstracts the oxygen of the sulphuric 

acid, and leaves a combination of sulphur and barytes. From this, 

the barytes may be removed by muriatic acid, as already directed, 

- and the muriatic solution be decomposed by carbonate of potash. 

(i) The sulphate of barytes, when decomposed by* charcoal, af- 
fords one variety of solar phosphorus. This phosphorus has been 
called, from the place where the sulphate is found from which it 
was first prepared, the Bolognian phosphorus. The native sulphate, 
powdered after being ignited, and finely sifted, is to be formed in- 
to a paste with mucilage of gumarabic, and divided into cylinders 
or pieces of one fourth of an inch in thickness. These after be- 
ing dried in a moderate heat, are to be exposed to the temperature 
of a wind furnace, placed in the midst of the charcoal. When 
the fuel is half consumed, it must be replenished, and suffered to 
burn out. The pieces will be found, retaining their original shapes, 
among the ashes, from which they may be separated by the blast 
of a pair of bellows. They must be preserved in a well-stopped 
phial. 

This phosphorus, after being exposed a few minutes to the sun's 
rays, shines in the dark sufficiently to render visible the dial of a 
watch. This property is lost by repeated use, in consequence of 
the oxygenation of the sulphur; but may be restored by a second 
calcination. 

(k) Sulphate of barytes, when artificially formed and calcined, 
contains in one hundred parts, * 
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IhumJ. Acift 

According to Klaproth - - 66.55 53.45 

— Mr. A. Aikin* - 66.04 36:96' 

. Mr. h TtoftiMmf - 66.96 33.04' 

BerthoUe<$- - - 66j50 33:50 

 «- BferfcfeiiueP$; - - 65;69 34.3 1« 

The determination of Berthotlet, being nearly a ittfean of thrtee; 
may be considered assufficientty accurate; Dr. Wollaston assumes 
66 parts^ of base and 34 of aoidj as- expressing most' correctly its* 
composition. The native sulphate^ according to Klaproth, is com- 
posed of one third acid atid' t wo -thirds base. |f Its atomic consti- 
tution is one atom of base and one of add; 



Art. 5.— Sulphate of Strontites. 

I. This salt resemblfeg; very nearly, the sulphate of barytes. It 
may be formed in a similar manner, by pouring' the solution of pure 
strontites into diluted sulphuric acid, or intb the solution^f an al- 
kaline sulphate; for it has a stronger affinity than any tf the alka- 
lies for sulphuric acid. It is soluble in 3840 parts-of boiling water. 

II. The sulphate of strontites is also found native in considera- 
ble quantities; chiefly at Aust Passage, and at other places in the 
neighbourhood of Bristol. As the native carbonate is now becom- 
ing scarce, this compound maybe advantageously employed for 
procuring artificial carbonate of strontites. This process is pre- 
cisely similar to that already described for decomposing the sul- 
phate of barites. (Art. 4. g;) 

According to a considerable majority of the chemists who have 
analyzed it, it consists of 

Acid - - - 43 - 100 

Strontites - - 58 - 138 



100 238 



The accuracy of these numbers is admitted by Dr. Wollaston. 
But Vauquelin has stated, that it is composed of 46 acid and 54 
base, and Stromeyer of 43 acid and 57 base* 



Art. 6. — Sulphate of Lime. 

I. The sulphate of lime is formed, by adding to the carbonate a 
sufficient quantity of sulphuric acid; and by gently calcining the 

* Nicholson's Journal, xxii. 301. f Nicholson's Journal, xxiii. 174. 
% Mlinoiresd'Arcueil, ii. $ 79 Annates de Chimie, 138. 

|| Contributions, k 377. 



SECT. IV. / SULPHATE OF MAGNESIA. £79 

residue, to expel the redundancy of the latter acid. It is also 
found native, in great abundance, under the names of gypsum, 
plaster of Paris, &c. , 

II. It has the following properties: 

1. It is insipid and free from smell. 

2. It is difficultly soluble, requiring 500 times its weight of cold 
water, or 450 of hot water. 

3. It is fusible by a moderate heat. When sulphate of .lime, 
which has been dried at 160 Q Fahrenheit, is exposed to a low red- 
heat, it loses 22 (according to Berzelius, and Bucholz 21) per cent* 
of its weight, consisting entirely of water. After calcination, it 
absorbs water rapidly, and forms a good cement. 

4. It is decomposed by carbonates of alkali, a double exchange 
4>f principles ensuing, Hegqe the milkiness which ensues on ad- 
ding carbonate of potash to many spring waters; the carbonate of 
lime, which is .generated., being less soluble than the sulphate. 
Hence, also, hard waters, which always contain sulphate oi lime 
in solution, curdle soap, the alkali of which is detached by the sul- 
phuric acid, and the oil is set at liberty. 

5. It is decomposed by ignition with charcoal, which separates 
the oxygen of the sulphuric acid, acvd leaves a combination of lime 
with sulphur. 

By dissolving 100 grains of calcined sulphate of lime in boiling . 
distilled water, find adding muriate of barytes, I obtained a pre- 
cipitate, which, when well washed, dried, and calcined in a low 
red-heat, weighed 175.9. Hence 100 parts of calcined sulphate 
of lime must contain very nearly 

Acid. Base. 
According to the above experiment - 59 41 

, Thompson a.nd Berzelius 58 42 

Klaproth - - - 57.63 42.37 

rD^ltcm - - - 58.60 41-40 

• 

It consists, therefore ? of an atom of lime united with an atom 
of aci4' 



A*t. 7.—8idphvte of Magnesia. 

h When highly concentrated sulphuric acid is suddenly added 
to fresh prepared apd pure magnesia, very great heat and vapour 
$re excited, and are accompanied frequently with an extrication 
of light. This appearance was first observed by Westrumb. 

II. If the carbonate of magnesia be added to diluted sulphuric 
acid, the carbonic acid is expelled, and a solution of sulphate of 
magnesia is formed, which crystallizes on cooling. Crystals of 
sulphate of magnesia may also be procured in the shops, under the 
name of Epsom salt 

III. These crystals have the following properties: 
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1. They have the form of small quadrangular prisms, surmount- 
ed by quadrangular pyramids with dihedral summits. They under- 
go no change by exposure to the atmosphere. 

2. At the temperature of 60°, this salt is soluble in an equal 
weight of cold water, and in three-fourths its weight of boiling 
water, which thus receives an addition of one fourth of its bulk. 

3. When exposed to a low red-heat, it undergoes the watery fu- 
sion, but is not volatilized. It loses, however, about one half its 
weight, which is water of crystallization, and, according to Berze- 
lius, a very minute portion of acid escapes. 

4. One hundred grains of sulphate of magnesia, deprived, by 
calcination in a low red-heat, of its water of crystallization, af- 
forded me 200 grains of sulphate of barytes when precipitated by 
the muriate of the latter earth. Hence 100 grains of dry sulphate 
of magnesia are composed of 67 acid and 33 magnesia, and the 
crystallized salt, supposing it to contain half its weight of water* 
will consist in 100 parts of 

50 water, 

33.5 sulphuric acid, 

16.5 magnesia. 

Berzelius, from 100 grains of desiccated sulphate of magnesia, 
obtained 194.3 of sulphate of barytes. Hence the dry salt con- 
sists of 65.1 acid ana 34.9 earth, and its atomic constitution is 
one atom of earth + one atom of acid. 

5. Its solution is precipitated by carbonates of potash and of 
soda; but not by carbonate of ammonia, unless heat is applied. 
The carbonate of magnesia of the shops is prepared by mixing to- 
gether concentrated and hot solutions of carbonate of potash and , 
sulphate of magnesia. The sulphate of potash, thus formed, is. 
removed by copious washing with water, and the carbonate of mag- 
nesia is then dried. The proportions employed are filtered solu- 
tions of 4 parts of the crystallized sulphate, and 3 of the sub-car- 
bonate. One hundred parts of the desiccated sulphate give about 
71 of subcarbonate of magnesia, or about 31.6 of the pure earth. 

6. When a dilute solution of carbonate of soda is mixed with a 
dilute solution of sulphate of magnesia, and the sub-carbonate 
which is formed, if any, is separated by filtration, crystals of car- 
bpnate of magnesia, after some time, snoot in the liquid, contain- 
ing a larger proportion of water, but no more carbonic acid than, 
the common carbonate, see chap. x. sect. 4. When solution of pure 
ammonia is added to that of sulphate of magnesia, part of the 
earth is precipitated. The rest remains in solution, ana, by evapo- 
ration, a triple salt is formed, consisting of sulphuric acid, magne- 
sia, and ammonia, and called ammoniato-magnesim sulphate. 

A compound Sulphate of Magnesia and Soda has been described . 
by Dr. Murray, in a note to his paper on the Analysis of Sea Wa- 
ter.* It crystallizes in rhombs truncated on the angles and edgts; 

Edinb. Trans; 
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is soluble in rather more than three times its weight of water at 
60° Fahrenheit; is permanent in the air; and does not fuse, but de- 
crepitates on applying heat. It is composed of 

Sulphate of magnesia 32 

Sulphate of soda ... 39 ^ 

Water of crystallization - - 29 

  
100 



Art. 8.~Sulphate of Mumine and Alum. 

The properties of this salt may be exhibited bj those of the 
common alum of commerce; though, as will afterwards^ appear, 
alum is not merely a combination of this earth with sulphuric acid; 
but is a triple salt, composed either of sulphuric acid, alumine, and 
potash; or of sulphuric acid, alumine, and ammonia. It has the 
following characters; 

(a) Ithas a sweetish astringent taste. Its specific gravity is 

1,71. 

(b) It dissolves in water, five parts of which, at 60°, take up one 
of the salt, but hot water dissolves about three fourths of its weight. 

(c) This solution reddens vegetable blue colours; which proves 
the acid to be in excess. 

(d) When mixed with a solution of carbonate of potash, an ef- 
fervescence is produced by the uncembined acid, which also pre- ' 
vents the first portions of alkali, that are added to a solution of 
sulphate of alumine, from occasioning any precipitate. 

(e) On a farther addition of alkali, the alumine is precipitated. 

(/) Sulphate of alumine, when heated, swells up, loses its regu- 
lar form, and becomes a dry spongy mass: but, according to Vau- 
quelin,* the whole of its acid cannot be expelled by heat. 

(g) The combination, of sulphuric acid with alumine is incapa- 
ble of crystallizing without an admixture of sulphate of potash, 
which forms a constituent of all the alum of commerce. Accord- 
ing to Vauquelin, 100 parts consist of 49 dry sulphate of alumine, 
7 sulphate of potash, and 44 water. Or 100 grains are composed of 



Acid 


30.52 


33 


34.23 


Alumine 


10.50 


12 


10.86 


Potash 


10.40 


9 


9.81 


Water 


48.58 


47 


46. 



100.00t lOOf 99.90§ 

* Ann.deChim. xxxrii.91. t Vauquelin. t Dalton 

$ fterzelius. In this there is a deficiency of 0.1 per cent. 
Vol. L— N n 
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The acid, in Vaucpelin's estimate, is evidently rated too low; 
for alum, when precipitated by muriate of barytes, gives, as near- 
ly as possible, an equal weight of sulphate of barytes, 100 grains 
of which contain 33.5 of sulphuric acid, the quantity, therefore, 
present in 100 parts of alum. According to Berzelius, alum is 
composed of 

Sulphate of alumine - - 36.85 

potash - - 18.15 

Water - - - - 45. 



100. 



The oxygen of the potash being represented by 1, Berzelius 
finds that the oxygen of the alumine will be as 3; that of the sul- 
phuric acid as IS; aad that of the water as 24. The salt con- 
sists, according to Mr. Dalton, of one atom of sulphate of potash, 
four atoms of sulphate of alumine, and 30 atoms of water. The 
alumine, he contends, does not exist in the state of super-sulphate, 
but of a saturated sulphate, a salt composed of 

Alumine - - - 29.934 

Acid - - - 70.066 



100. 

A neutral sulphate of alumine was obtained by Berzelius, by 
the following process. He decomposed alum by ammonia; wash- 
ed the precipitate, and redissolved it in sulphuric acid. To the li- 
quor, after evaporation, he added alcohol, which threw down a 
sulphate nearly neutral, and rendered perfectly so, by being wash- 
ed with farther portions of alcohol. Gay Lussac has also given 
the following process; communicated to him by Descotils, for pre- 
paring a pure sulphate of alumine. On alum with base of ammo- 
nia, boil nitre-muriatic acid, till all the ammonia is destroyed, and 
evaporate to dryness to expell all the nitric and muriatic acids* 
The ammonia is decomposed by the chlorine, which results from 
the mutual action of those two acids, and the alumine remains in 
combination with sulphuric acid only. The saturated solution of 
this salt in water is an excellent test to discover potash, for a drop 
or two added to a solution of that alkali, or of any of its salts, 
immediately causes a precipitation of alum.* 

(h) Alum is decomposed by charcoal, which combines with the 
oxygen of the sulphuric acid, and leaves the- sulphur attached to 
the alumine. A combination of alumine, sulphur, and charcoal, 
forms the pyrophorus of Homberg. To prepare this, equal parts 
of powdered alum and brown sugar are melted over the fire, and 
are kept stirring till reduced to dryness.' The mixture, when 
cold, is to be finely powdered, and introduced into a common phi- 
al, coated with clay, to which a glass tube, open at each end, is to 

* Ann. de Chim. et Fhys. vi. 201. 
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be luted, to allow the escape of the gases that are produced. The 

Shial must then be set in the fire, surrounded by sand, in a cruci- 
le.' Gas will issue from the open end of the tube, and may be 
inflamed by a lighted paper. When this ceases to escape, the cru- 
cible may be removed from the fire, and a little moist clay press- 
ed down upon the open end of the tube, to prevent the access of 
air to the contents of the phial. When cold, the tube may be re- 
moved, and a cork substituted in its place. The principal diffi- 
culty in the process, is to stop it precisely at the period, when the 
pyrophorus is formed; for if me heat be continued longer, the pre- 
paration will be spoiled. 

The pyrophorus thus formed is a black and light powder, which 
instantly takes fire when poured out of the bottle into the air, and 
inflames suddenly in oxygen gas. Sulphate of potash appears to 
be essential to its production, and hence the sulphuret of potash 
is a necessary ingredient. From the discoveries of Sir H. Davy, 
it appears not improbable that this pyrophorus may contain sul- 
phuret of potassium. The principal part of the phenomena, how- 
ever, is owing to the combustion of an extremely light and finely 
divided charcoal. 



Art. 9.Sulfhate of Glucine, 

Glucine combines readily with sulphuric acid, both in its pure 
and carbonated state. The resulting salt is extremely soluble; 
insomuch that, when evaporated, it assumes the form of a syrup, 
without crystallizing. Its taste is sweet, and rather astringent. 
It is decomposed entirely in a high temperature, the earth being 
left in a state of purity. It is also destroyed by ignition with 
charcoal. It does not yield its earthy ingredient to dtiy of the 
acids; but is decomposed by all the alkalies and earths, allumme 
excepted. 



Art. lO.—*8utyhaU of Zircon. 

To effect the combination of zircon with any acid, this earth 
should be fresh precipitated; for, after being dried* it enters with 
difficulty into union. 

The salt, resulting from the union of sulphuric acid with zircon, 
is white, insoluble, and without taste. It is decomposed by a high 
temperature, which expels the acid, and leaves the zircon pure. 
It is not changed by other acids, but yields its sulphuric acid to 
the alkalies, and i» most of the earths. 



Art* 11.— Sulphate of FttriA* 

Sulphuric acid readily dissolves yttria, and caloric is evolved 
during the process. As the solution goes on, the sulphate crystal- 
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lizes in small brilliant grains, which have a sweetish taste, but less 
decidedly than the sulphate of glucine. Their colour is a light 
amethyst red. They require 30 parts of water, of the tempera- 
ture of 60°, for solution, and give up their acid when exposed to 
a high temperature. They are decomposed by oxalic acid, prus- 
siate of potash, infusion of galls, and phosphate of soda. 



SECTION V. 

Sulphites. 

I. The combination of sulphurous acid with alkaline and earthy 
bases, may be effected by passing the gas, as it proceeds from the 
materials (sect. 2, h,) through the base, dissolved or diffused in 
water. An intermediate vessel may be placed, as represented, 
fig. 30 and 31, to condense any sulphuric acid that may pass over; 
and the solution of the alkali or earth may be contained in a bot- 
tle with two necks. Pure potash, soda, or ammonia, are readily 
kept in solution: but barytes or'strontites must be dissolved in 
boiling water; and the bottle containing them must be surrounded 
with hot water, while the gas is transmitted through the solution. 
The solution, when saturated with gas, may be evaporated; and 
this is best done in an alembic, covered with its capital, because 
the salts of this class are changed by the action of the atmosphere. 

II. The sulphites have no peculiarly interesting properties, that 
can entitle them to minute and specific description, in a work de- f 
voted solely \o the students of chemical science. I shall enume- ' 
rate, therefore, only the principal ones; and refer, for farther in- I 
formation, to the 2d and 24th volumes of the Jlnnales de Chimie, 

and to Dr. Thomson's memoir in Nicholson's Journal, vi. 94. 
Theirgeneral qualities are the following: 

1. They have a disagreeable taste and smell, resembling the 
fumes of burning sulphur. 

2. When heated, they emit sulphurous acid and water, and then 
sulphur, which, on the application of an inflamed substance, takes 
fire, and burns violently. 

3. Exposed to the atmosphere, in a state of solution, or moist- i 
ened with water, they absorb oxygen, and are slowly converted fl 
into sulphates, without undergoing any change in their state of 
neutralization. 

4. When added to nitric acid, red fumes arise, and the salts 
become sulphates. Oxy -muriatic acid produces the same effect. 
Concentrated sulphuric acid expels sulphurous acid gas, which 
may be collected over mercury. 

5. When sulphureted hydrogen gas is passed through a solu- 
tion of the sulphites, they combine with an additional quantity of 
sulphur, and form sulphureted sulphites. These compounds are 
regarded by Gay Lussac, not as sulphites holding sulphur in solu- 
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tion, but as resulting from the union of a base with a distinct acid, 
to which he has given the name of the per-sulphurous or hypo-sul- 
phurous acid,* and to its compounds that of hypo-sulphites. When 
sulphur is boiled with the sulphites in solution, sulphur is taken 
up, and sulphurous acid escapes.t 

6. When perfectly pure, sulphites are not precipitated by a so- 
lution of pure barytes or strontites, or by any of the salts with 
base of either of those earths. If a precipitation ensue, it indi- 
cates the presence of a portion of sulphate. 

Sulphite of potash crystallizes m the form of lengthened 
rhomboidal plates; or of needles, which have sometimes a slight 
yellowish tinge. It has a pungent and sulphurous taste, and is 
soluble in an equal weight of cold, or in less than an equal weight 
of boiling water. At the temperature of 300° Fahrenheit, it loses 
only about 2 per cent; but when more strongly heated, the salt is 
decompose^, and sustains a loss of about 22 per cent., of which 
15 are sulphurous acid, 5 sulphur, and 2 water. When thrown 
into a red-hot crucible, a blue flame arises from it, and its weight 
is diminished in the proportion which has just been stated. When 
this solution is exposed to the air, the salt slowly attracts oxygen, 
and is converted into sulphate of potash. This change goes on 
more rapidly in oxygen gas; or when it is mixed with any sub- 
stance holding oxygen in loose combination, as nitric or oxymu- 
riatic acid. It contains, in 100 parts, from Dr. Thomson's ex- 
periments, 

43.5 acid 
54.5 potash 
2 water 



100 



Sulphite of soda forms compressed tetrahedral prisms with 
dihedral summits. It requires for solution less than its own weight 
of boiling water, or four times its weight of cold water. It efflo- 
resces in the air, but much less perfectly than the sulphate of so- 
da. It is composed, according to Dr. Thomson, of 



31 acid 
18 soda 
51 water 



100 



Sulphite of ammonia crystallizes in hexahedral prisms termi- 
nated by pyramids with the same number of sides, or in rhomboi- 
dal prisms with trihedral summits. It is soluble in an equal weight 
of cold water, or in less than an equal weight of boiling water. 

* Ann. de Chim. et Phys. vi. 323, oote. 
f GayLussac, 85 Add. de Chim. 199. 
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It deli&uiates in the atmosphere, and absorbing oxygen* is changed 
into sulphate of ammonia, which bevotnes dry. 

Sulphite of ba&ytes, like the salt formed by uniting Hie same 
base with sulphuric acid, is ahwost insoluble. When* united with 
an excess of sulphurous acid, fcawerer (which may be dove by 
dissolving the white, powder, that is first formed, in liquid sulphu- 
rous acid), it form* a esystaUizaMfc Salty still of sparing sofobitt- 
ty, consulting of 

Base - - 69.74 
Acid - - 28.84 
Water. - - 1-42 



100 

The solution of this salt may be advantageously used to purify 
the solution of any sulphite from sulphuric acid, which it precipi- 
tates in the state of an insoluble sulphate of barytes. 

Sulphite of lime is also insoluble, but may be crystallized by 
being first dissolved in liquid sulphurous acid* In this state it re- 
quires 800 parts of water for solution. 

Sulphite of magnesia differs from the sulnhate of this earth 
in being vastly less soluble in water, of which it requires 20 parts 
at the common temperature. Hot water takes up a farther por- 
tion, which is deposited on cooling. 

Sulphite of alumine is not crystallizable, but has the form of 
a white soft powder, insoluble in water, but soluble in an excess 
of acid. It consists, according to Do Thomson, of 

32 acid 

44 alumine » 

24 water 



100 



SECTION VI. 

Binary Compounds of Sulphur. — Is*, With Alkalies. — 2d, With 

Hydrogen. 

Art. 1 <~~Sulphurets. 

I. The combination of sulphur with the fixed alkalies and earths 
may be effected by fusing together, in a covered crucible, at a de- 

free of heat below redness, equal parts of sulphur and of the al- 
ali or earth intended to be united with it The sulphurets of pot- 
ash and soda may, also, be obtained by a similar treatment of six 
parts of sulphur with eight of either of the sub-carbonates of those 
alkalies, previously dried as completely as possible. The com- 
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pound may be poured, while in fusion, upon a smooth stone, and, 
when cold, preserved in a well closed phial. Its colour is a brown- 
ish red or liver colour, from which property has been derived the 
generic name, formerly in use, of htpar or liver of sulphur. 

It was contended by Vauquelin that, during the formation of 
sulphurets by fusion, a considerable quantity of sulphureted hy- 
drogen gas is evolved, and that sulphuric acid is also produced, 
which, uniting with the alkaline base, composes a sulphate. It has 
been shown, however, by Gay Lussac, that the formation of sul- 
phuric acid takes plate only at high temperatures, and that a sul- 
phuret, which has been prepared at a degree of heat barely suffi 
cient for the purpose, when dissolved in water, gives no trace of 
sulphuric acia, but abounds with hypo-sulphurous acid. This acid 
must, however have been generated during the act of solution, by 
the decomposition of water, for it is incapable of being formed!, 
or even of existing, at high temperatures. 

A pure sulphuret of potash or soda cannot be formed in thg hu- 
mid way, for the decomposition of the water gives rise to other 
products, which, also, exist in the solution. According to Vau- 
quelin, the sulphuret of lime is dn exception td this rule, and may 
be formed by boiling lime and sulphur with a sufficient quantity 
of water. 

It has been doubted whether, in the production of alkaline and 
earthy sulphurets, the base preserves the state of an oxide after 
combination with sulphur, or whether it be de-oxydized, and thus 
produce a sulphuret with the metallic base of the respective alka- 
li or earth. The oxides of the common metals, it is well known; 
abandon their oxygen, when fused with sulphur, and afford true 
metallic sulphurets. Gay Lussac has, however, proved that, at a 
moderate temperature, the alkalies unite, as such, with sulphur, 
and that compounds are formed which are true sulphureted 
oxides.* 

To prepare sulphuret of ammonia, a mixture of one part of dry 
quicklime, one of muriate of ammonia, and half a part of sul- 
phur, may be distilled from a glass retort by a gentle heat. The 
product is a liquid of a brownish yellow colour, and an oily con- 
sistence, which emits copiously white and offensive fumes. 

Sulphuret of lime, when intended for the purpose of Canton's 
phosphorus, is best prepared, by placing in a crucible, alternate 
strata of calcined and pounded oyster-shells and sulphur; expos- 
ing them to a. moderate heat; and then confining them in a bottle 
with a ground stopper. Or, according to the original directions 
of Canton, three parts of oyster-shells, calcined for an hour and 
pulverized, are to be mixed with one of sulphur, and rammed 
tightly into a crucible, which is to be kept red-hot for about an 
hour. The compound, when cold, has the properties already as- 
signed to the Bolognian phosphorus. 

II. Sulphurets have the following properties: 

* 6 Ann. de Chim. et £hys. 325. 
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(a) In, a moist state they emit an offensive smell, and have a 
disagreeable taste. \ 

(ft) They change to green the colour of violets, in the same 
manner as uncomoined alkalies. 

S They blacken the skin, silk, and other animal substances. 
They are decomposed by all acids. Irito a Nooth's machine 
put a weak solution 01 sulphuret of alkali, and pass through it 
streams of carbonic acid gas. In the course of a few days, the 
sulphur will be precipitated, and a carbonate of alkali will be ob- 
tained. This decomposition ensues, instantly, on adding, to a so- - 
lution of sulphuret of potash, any of the stronger acids, as the 
sulphuric, nitric, or muriatic; and we obtain a compound of the 
alkali with the^ respective acid employed. 

(e) The solutions of sulphurets absorb oxygen gas, and abandon 
part of their sulphur. This may be shown by the experiments 
already described (chap, v.) If the change thus effected be ex- 
amined, it will be found that the oxygen has combined with the 
sulphur, and formed sulphurous acid, which, uniting with the al- 
kali, has composed the sulphite of potash. To this sulphite, a 
portion of the liberated sulphur unites itself, forming a suhphu- 
reted sulphite. 

(/) If dilute muriatic acid be poured on the solution of sul- 
phuret of potash or soda, a violent effervescence will ensue, and. 
a very offensive gas be disengaged. This gas may be collected 
over water. It is termed sulpnureted hydrogen gas. From the 
experiments of Vauquelin, it appears to be merely disengaged, 
and not formed by the action of the acid. The following Table 
shows the composition of a few of the sulphurets, as determined 
by Vauquelin. No sulphuret of magnesia has yet been proved to 
exist ' 



Sulphuret of Potash - 

Soda - - 

Barytes - 

Lime -  

The quantities of sulphur, which combine with the alkalies and 
earths, have been ascertained by the same chemist to be propor- 
tional to the quantities of oxygen, with which their respective me : 
tallic bases are united. But the sulphurets contain more sulphur 
than is necessary to form the quantity of sulphuric acid, equiva 
lent to the saturation of their bases. 



Art. 2.-~Sulphureted Hydrogen Gas. 

This gas maybe procured: 

1. By the action of diluted sulphuric acid on sulphuret of iron, 
prepared in the following manner. A bar of iron is to be heated 
to a white or welding heat in a smith's forge, and, in this state, is 
to be ruobed with a roll of sulphur. The metal and sulphur unite* 
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Base. 


Sulphur. 


take Sulphur. 


47.3 


- 52.7 


- - 111.5 


38. 


- 62. 


- - 163. 


65.5 


- 34.5 


- - 52.5 


37. 


- 63. 


- - 170. 
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and form a liquid compound, which falls down in drops. These 
soon congeal; and the compound must be preserved in a well 
closed phial. 

2. The sulphuret, prepared by melting iron filings with sulphur 
in a crucible, does not answer the purpose equally well, because 
the gas, which it affords, is mixed witn a good deal of hydrogen 
gas. So, also, is the sulphureted hydrogen produced by heating 
sulphur in hydrogen gas. 

3. Gay Lussac prepares sulphuret of iron by introducing into 
a matrass two parts by weight of iron filings, and one of flow- 
ers of sulphur. To these, water is added in sufficient quantity 
to give a thickish consistence; and the matrass is heated a little, 
to favour the combination, which is indicated by a copious disen- 

fagement of heat, and by the whole mass assuming a black colour, 
rom this compound, sulphuric acid, diluted with four times its 
volume of water, separates sulphureted hydrogen in great abun- 
dance. It is better to prepare the compound when wanted, than 
to keep it ready made, because, unless very carefully preserved 
from contact with the air, it becomes less fit for the purpose of af- 
fording gas.* 

4. The sulphuret of potash, if prepared by boiling flowers of 
sulphur with liquid potash, quite free from carbonic acid, gives 
pure sulphureted hydrogen, when acted upon by diluted sulphuric 
or muriatic acid. 

II. Its properties are the following: 

(a) Its smell is extremely offensive, resembling that of putre- 
fying; eggs. 

(oj It is inflammable, and burns either silently or with an ex- 
plosion, according as it is previouslv mixed, or not, with oxygen 
gas or atmospheric air. During this combustion, water results 
from the union of the hydrogen with the oxygen, and sulphuric 
and sulphurous acids from that of the oxygen and sulphur. Two 
measures require three of oxygen gas, one measure of which satu- 
rates the hydrogen, and two the sulphur. 

When three parts of sulphureted hvdrogen are mingled! with 
two of nitrous gas, the mixture, on being inflamed, burns with a 
yellowish green flame.  

(c) It tarnishes silver, mercury, and other polished metals, and 
instantly blackens white paint. . : 

. (d) It is absorbed by water, which takes up its own bulk, or ac- 
cording to Saussure twice and a half, or Gay Lussac, three times, 
its bulk of the gas; but in order to obtain so considerable an absorp- 
tion, the gas, submitted to experiment, should be perfectly pure. 
♦Water thus saturated acquires the peculiar smell of the gas. It 
is this gas which gives to the Harrogate, and some other natural 
waters, their disagreeable odour. Liquid muriatic acid absorbs 
at least three times its volume; and sulphuric acid, diluted with 
an equal weight of water, once and a half its volume. 
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* Ann. de China, et Phys. vii. 314. 
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(e) Water, saturated wifli this gas, reddens the infusion of vie- 
lets, in this respect producing the effect of an acid* From this 
and other properties, some of the German chemists have proposed 
for it the name of ha/drotkionie acid$ and Gay LusBac has given 
it the very objectionable name of hydro-stfpkiiric mdd, a term 
which would be much more properly applied to liquid sulphuric 

acid. 

(/) Water impregnated'with sulphureted hydrogen, when ex- 
posed to the atmospnere, becomes covered with a pellicle of sul- 
phur. Sulphur is even deposited when the water is kept in well- 
closed bottles. 

(g) 6n the addition of a few drops of nitric or nitrous acid to 
the watery solution, sulphur is instantly precipitated. In this case 
tile oxygen of the acid combines with the hydrogen of the gas, • 
and the sulphur is separated. The gas itself, also, is decomposed 
when transmitted through sulphuric, nitric, or arsenic acids.* 

(h) This gas, as will afterwards appear, is decomposed by mix- 
ture with oxy -muriatic acid gas; ana sulphur is precipitated. Vo- 
gel obtained, also, a liquid, analogous to the sulphureted muriatic 
acid of Dr. Thomson. 

(i) It is decomposed also when kept in a state of mixture with 
atmospheric air, tne oxygen of which combines with the hydrogen, 
and forms water, while 1 the sulphur is precipitated. 

(k) A succession of electric explosions throws down sulphur 
from- it, and the volume of ihe gas remains unaltered. 

(I) When six measures of sulphureted hydrogen gas and five 
measures of sulphurous acid gas are mingled together, the hydro- 
gen of the former unites with the oxygen of ihe Utter, and the . 
sulphur of both is precipitated. But five measures' of sulphurous 
acid contain twice the oxygen necessary for saturating six mea- 
sures of sulphureted hydrogen. Hence it is probable, that the 
sulphur is separated in the state of an oxide. 

(m) It is decomposed when passed over ignited charcoal, and 
is converted into carbureted hydrogen gas. 

(n) Sulphureted hydrogen, both in the state of a gas and of wa- 
tery impregnation, precipitates all metallic solutions, excepting 
those of iron, nickel, cobalt, manganese, titanium, and molybdena. 

(o) It is copiously absorbed by alkalies, and by all the earths, 
excepting alumine and zircon. These alkaline and earthy com- 
binations are termed hydro-sulphurets. 

(p) When potassium or sodium is made to act on sulphureted 
hydrogen gas, a brilliant combustion takes place; a quantity of hy- 
drogen gas is evolved, precisely equivalent to that which the metal 
would have -separated from water; the metal loses its lustre, and * 
becomes grayish, or amber coloured, or reddish; and by the action 
of diluted muriatic acid, the whole of the sulphureted hydrogen, 
is recovered. This experiment proves, that sulphureted hydrogen, 
and consequently sulphur, contain no oxygen; for, in that case, 
the potassium would not, after being acted on by the gas, evolve 
the original quantity of sulphureted hydrogen. All that appears 

* Journal of Science, &c. ii. 152. 
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to take place is, the combination of the metal with sulphur, and 
the formation of a sulpkuret of potassium or sodium, which dis- 
engages from water exactly as much hydrogen, as would hare 
been evolved by the metal in itr separate state. The results of 
Sir H. Davy, which are somewhat different, are satisfactorily ex- 
plained by Gay Lussac and Thenard.*. 

(©•) The specific gravity of suiphureted hydrogen gas has been 
vanously stated. Mr. Kir wan found 100 cubic inches, at 60° Fah- 
renheit, and SO inches barometer, tor weigh 34.386 grains, which 
makes its specific gravity 1.124. Sir HL Davy states the weight 
of the same quantity at 36.5 grains^ and its specific gravity, there- 
fore, at 1.180. Gay Lussac and Thenard determined its specific 
gravity to be 1.1912 by experiment, or 1.1768 by calculation; and 
100 cubic inches should weigh 36.3$ grams, according to the first 
of these two numbers. 

(r) Admitting the accuracy of Sir H. Davy's statement of its 
specific gravity, and also that 100 cubic inches of the gas contain 
exactly the same volume of hydrogen («& 2.27* grains), then $&5 
grains of suiphureted hydrogen will contain 2.27 grains of hydro- 
gen; aad 100 grains will consist of 

Sulphur - 93.8 
Hydrogen - 6.2 

100. 

j. 

^ From these data, which agree very nearly with those of Berze- 
lius,t the weight of the atom of sulphur may be stated at 15; for 
as 6.2 to 93.8 so is 1 to 15 very nearly. The weight of this atom, 
therefore, turns out to be the same, whether investigated by its 
combinations with oxygen or with hydrogen* 



Art. 3*—Hydro-Sulphurets. 

In its union with alkaline and earthy bases, suiphureted hydro- 
gen seems to perform, in a great measure, the functions of an 
acid; and presents, therefore, an important exception to the doc- 
trine of acidification proposed by Lavoisier; for, in this instance, 
a body, which contains no oxygen, possesses some of the most im- 
portant characters of an acid, viz. the property of changing vege- 
table blues to red, and of uniting with alkalies. • 

I. The hydro-sulphurets may be formed, by transmitting sui- 
phureted hydrogen gas, as it issues from the materials that afford 
it, through a solution of die alkaline or earthy base. Or the base, 
when insoluble, must be kept suspended in water by mechanical 
agitation. * 

II. The hydro-sulphurets have several qualities common to the 
whole genus. 

I. They are all soluble in water, and the recent solution is co- 
lourless. By exposure to the air however, it first becomes green, 

* Recherches, i. 202. f 81 Aon. deChtin. 26. 
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or greenish yellow, and deposits sulphur on the sides of the ves- 
sel. The glass bottle, containing the solution, becomes black on 
its inner surface, in consequence of the combination of sulphur 
with the oxide of lead contained in the glass. 

2. The solution of hydro-sulphuret of magnesia is decomposed 
by heat; that, of lime nearly so; but those of potash and soda, 
though rendered much more alkaline by heat, still contain a large 
proportion of sulphureted hydrogen. 

3. After long exposure to the atmosphere, the solution entirely 
loses its colour, and again becomes perfectly limpid. When ex- 
amined, it is found to consist of a combination of sulphuric acid 
with the peculiar base of the hydro-sulphuret This is owing to 
the absorption of oxygen, which all hydro-sulphurets take from 
the atmosphere; the formation of a sulphite; and the conversion ' 
of this, by farther oxygenation, into a sulphate. - Hence, when 
confined in contact with a limited quantity of atmospherical air, 
hydro-sulphurets effect a diminution of volume; and may be em- 
ployed to ascertain its proportion of oxygen. . They entirely ab- 
sorb pure oxygen gas. 

4. When a hydro-sulphuret, fully charged with gas, is heated 
with sulphur, a strong effervescence ensues; much of the sulphur \ 
is dissolved; and sulphureted hydrogen escapes. If the hydro- 
sulphuret is not fully saturated, sulphur is still dissolved, but with- 
out any ^escape of sulphureted hydrogen. 

5. When an acid is poured on any of the hydro-sulphurets, the 
sulphureted hydrogen gas is disengaged and no sulphur is deposi- 
ted. This non-precipitation of sulphur distinguishes hydro-sul- 
phurets, both from sulphurets and hydrogureted sulphurets. The 
acid employed should be one which strongly retains its oxygen, 
such as the sulphuric or muriatic; otherwise it will be decompos- 
ed. A hydro-sulphuret, which has been a few days exposed to the 
air, yielSs, by this treatment, sulphurous acid gas, along with sul- 
phureted hydrogen. 

6. The solutions of hydro-sulphurets precipitate all metallic 
solutions. They also precipitate alumine and zircon from their 
solutions, but no other earths. 

7. The hydro-sulphurets are, for the most part, susceptible of a 
regularly crystallized form. I 

Hydro-sulphuret of potasb forms large transparent crystals 
not unlike in size those of sulphate of soda, but having the shape 
of four-sided prisms, acuminated with four planes; or of six-sided 
prisms, acuminated by six planes. It is deliquescent, and affords a 
thick syrupy liguor, wllich^ives a green colour to the skin. It dis- 
solves readily in water and alcohol, producing cold. When dilute 
acids are added to the solution, a brisk effervescence is excited, 
but no sulphur is deposited. Vauquelin found that its solution in 
water may be evaporated to dryness, without decomposing the hy- 
dro-sulphuret; for on heating the residuum, mixed with sulphur, 
in a retort, sulphureted hydrogen gas was disengaged abundantly 
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Hxoro-sulphuret of soda is a compound, which derives some 
importance from its being produced along with carbonate of soda, 
in several processes for decomposing the sulphate of soda.* It 
is transparent at first, colourless,* and crystallized in four-sided 
prisms, acuminated by four planes. It has' an acrid and alkaline 
taste, which soon becomes very bitter. Its solution is colourless, 
but tinges the skin or paper green. It effervesces briskly with 
acids, and no sulphur is deposited unless the nitric or oxymuriatic 
acids are added, which attract the hydrogen, and throw down sul- 
phur. 

Vauquelin has proposed to distinguish these two sulphurets, 
which so closely resemble each other, by the following, test. The 
hydro-sulphuret of potash, when added to a solution of sulphate 
of alumine, occasions a crystallization of alum; but that of soda 
has no such action. i ! 

' Hydro-sulphuret of ammonia may be formed by the direct 
mixture of sulphureted hydrogen and ammoniacai gases in a dry 
vessel, cooled externally by ice. It is deposited in needle-shaped 
crystals. But, for all practical uses, it i& better prepared, by put- 
ting a solution of pure ammonia into the middle vessel of a Nooth's 
machine, and passing through it streams of Sulphureted hydrogen 
gas, till the liquid acquires a yellowish colour. In' this state it 
constitutes the hepatized aminbnia, so strongly recommended by 
Dr. Rollo as a remedy for diabetes. 

Hydro-sulphuretsofbarytes and strontites are cry stallized 
salts, having a white silky lustre, and readily soluble in water.t 

Hydro-sulphuret of lime, formed by transmitting sulphureted 
hydrogen through water, in which lim* is kept' mechanically sus-; 
pended, composes a crystallizable salt, soluble in water; an,d hav- 
ing the general properties of hydro -sulphurets.J ^ 

* • 

Art. 4. — Super-Sulphureted Hydrogen, and Hydrogureted Sul- 

phufets. 

I. Super-sulphureted hydrogen is obtained, when hydro-sulphu- 
ret of potash is poured, bv little and little, into muriatic acid. A 
verv small portion only of gas escapes; and while the, greater part 
of the sulphur separates, one portion of it combines With the sulphu- 
reted hydrogen; assumes the appearance of an oil;" and is depos- 
ited at the bottom of the vessel. Or, dissolve sulphur in a boiling 
solution of pure potash; and* into a phial containing about one- 
third its capacity of muriatic acid, of the specific gravity 1.07, 
pour about an equal bulk of the liquid hqpar. Cork the phial, and 
shake it; the hydrogureted sulphur gradually settles to the bot- 
tom in the form of a brown, viscid, semifluid mass. Its proper- 
ties are the following: 

* Annales de Chimie, lxiv. 59. f Ibid. lxii. 181. 

f This account differs in some respects from that of Vauquelin, Ann. de 
Chirn. et Phys. vi. 37. 
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1. If gently heated, sulphurated hydrogen ga« exhales from itj 
the super-sulphuret loses its fluidity; and a residue 1s left, consist- 
ing merely of sulphur* 

2. It combines with ajkalies and earths; and forms with them a 
class of substances called hydrogureted sulphurets. 

3. It is constituted, according to Mr. Dalton, of two atoms of 
sulphur, weighing SO, with one atom of hydrogen, and consists, 
therefore, per cent of / 

Sulphur - - 96.75 
Hydrogen - - 3.25 

- — »— « 

100 

There are* therefore, three distinct combinations of sulphur and 
its compounds with alkalies and earths. The first consist, simply, 
of sulphur, united with an alkaline or earthy baee, and are proper- 
ly called sulphurets. The second are composed of sulphureted 
hydrogen, united with a base* and are called hydro+sulpkurete* 
The third contain super -sulphureted hydrogen, attached to a base, 
and constitute hudrogwretm sulphivrets. 

The pure sulphurets can exist, as such, only in a dry state; for 
the momefct they begin to dissolve in water, a decomposition of 
that fluid commences; sulphureted hydrogen is formed; and. of 
this a part is disengaged,. while another part, uniting with an ad* 
ditional proportion, of sulphur, composes super-sulphureted hydro- 
gen* This last, uniting with the base, forms an hydrogureted sui- 
phuret. At the same time, it has been stated by Bertfcollet,* sul- 
phuric acid is composed, by tile action of the sulphur on the oxy- 
gen of the water. This however, Gay Lussac has shown, takes 
place only when the suiphuret has been formed at an unnecessary 
degree of heat, and that when carefully prepared at a heat below 
redness, the solution of an alkaline' suiphuret in water contains 
sulphurous and hypo-sulphurous acids, but no sulphuric acid.t The 
sulphurets, also, being partly changed, by solution, into hydrogu- 
reted sulphurets, the effusion of an acid throws down a quantity ' 
of sulphur. A distinguishing character, also, of solutions of this 
kind, is that sulphur is precipitated by passing through them sul- 
phureted hydrogen gas. 

According to Proust, if red oxide of mercury be added to so- 
lutions of the kind which have just been described, the sulphuret- 
ed hydrogen is removed, and what remains is a pure liquid sui- 
phuret, from which acids precipitate sulphur only, without any 
effervescence. 

II. The hydrogureted sulphurets are also formed by boiling 
along with a sufficient quantity of water, the alkaline, or earthy 
base, with flowers of sulphur. Thus a solution of pure potash, 

Sure soda, or of barytes or strontites, may be changed into an hy- 
rogureted suiphuret. To prepare this compound, with base of 
lime, the powdered earth, mixed with sulphur, may be boiled with 

•x 

* Ann. de Chiin. xxy. 239, 269. f 6 Ann. de Chim. et Phys. 322. 
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$, proper quantity of water, and the solution filtered or cleared 
by subsidence. One hundred grains of lime, or 134 of hydrate, 
dissolve about 215 of sulphur, and afford a liquid of 1.146 specific 
gravity. 

The hydrogureted sulphuret of ammonia (which base cannot, 
in strictness, owing to its liquid form, compose a true sulphuret) 
may be prepared as follows: Mix together, in a mortar, three 
parts of ny irate of lime, one part ot muriate of ammonia, and 
one of flowers of sulphur. Introduce the mixture into a retort, and 
apply a receiver. Begin the distillation with a gentle heat. The 
first liquor, that comes over (long known under the name of 
Boyle's Fuming Liquor), has a light yellow tinge, and emits fumes; 
the second has a deeper colour, and is not fuming. When the 
latter begins to appear, the fire may be raised. 

Another method of forming, by a very simple process, the hy- 
drogureted sulphurets, consists m digesting, in a gentle heat, a 
hydro-sulphuret with powdered sulphur, an additional portion of 
which is tnus dissolved, while part of the sulphureted hydrogen 
escapes. 

_ Hydrogureted sulphurets have the following properties: 
*' 1. They have a deep greenish yellow colour, and acrid and in- 
tensely bitter taste; and an excessively offensive smelL 

% They deposit sulphur when kept in close vessels; become 
much more transparent and lighter coloured; and less offensive to 
the smell. 

3. They rapidly absorb oxygen from the atmosphere, and from 
oxygen gas. Hence their employment in eudiometry.* 

4. On the addition of dilute sulphuric, or muriatic, or of cer- 
tain other acids/ they are decomposed. Sulphureted hydrogen 
gas is evolved, and sulphur is precipitated. 

5. When boiled in contact with tilings of silver or of copper, 
and of those metals only, Vauquelin found that they lose tneir 
excess of sulphur, and become simple hydro-sulphurets. 

Hydrogureted sulphurets of potash and of soda differ very 
little from each other. They may be formed by boiling solutions 
of pure potash or soda with flowers of sulphur. When very con- 
centrated, they have a deep reddish brown colour, a nauseous 
taste, a disagreeable odour, and a soapy feel, tinging the cuticle 
black. When exposed to the air, a thin pellicle of sulphur forms 
upon their solutions, which, by sufficiently long exposure, are 
changed into sulphates. When an acid is suddenly added, sul- 
phur is thrown down, which becomes, when washed with sufficient 
water and dried, almost white, and constitutes what has been call- 
ed precipitated sulphur, milk of sulphur, or magistery of sulphur. 

Hydrogureted sulphuret of ammonia may be formed by the 
process already described, or by digesting hydro-sulphuret of am- 
monia with sulphur, a portion of which is dissolved. 

Hydrogureted sulphuret of barytes is obtained by boiling 
crystals of pure barytes with one fourth their weight of sulphur 
and sufficient water. Two compounds are formed, viz, an hy- 
drogureted sulphuret, which has a red colour and remains in so- 

* See chap. v. sect. 4. 
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lution; and colourless crystals, which are supposed to be a hydro- 
sulphuret of barytes. Strontites forms similar compounds. 

Hydrogureted sulphuret of lime is formed by boiling hy- 
drate of lime with a third its weight of sulphur and ten times its 
weight of water. The compound has a deep orange colour, and 
is of importance from its application to eudiometrical purposes. 
From the experiments of Vauquelin, it appears probable, that the 
proportion of its ingredients varies, and is attended with corres- 
ponding differences of solubility and other properties.* 

Sulphuret of Carbon, or Alcohol of Sulphur. 

There has been much controversy respecting the nature of this 
. compound; and several contradictory statements have been given 
of its composition* It was discovered by Lampadius in 1796, and 
was considered by him as consisting of sulphur and hydrogen. 
Clement and Desormes were led, by their researches, to deny the 
presence of the latter element; ana to conclude that it is a com- 
pound of sulphur and charcoal. This inference was afterwards • 
controverted by Vauquelin and by Berthollet, jun.; and the ex- 
periments of Cluzel also were supposed by their author to be fa- 
vourable to the opinion, that it contains hydrogen.t In a report, 
however, on the memoir of Cluzel, MM. ^Berthollet, sen. Thenard, 
and Vauquelin describe experiments made by the last-mentioned 
chemist, which lead them to believe that the alcohol of sulphur is 
a true binary compound of sulphur and charcoal only;:): and this 
inference has been proved to be correct, by the recent and able 
investigations of Drs. Berzelius and Marcet§ 

To prepare this substance, a coated earthen tube, of about one 
inch and a half in diameter, partly filled with small pieces of char- 
coal, may be disposed in a furnace as represented ng. 40, cc, one 
end being placed higher than the other. To this end may be adapt- 
ed a glass tube, open at both ends, containing small bits of sul- 
phur; and, to the other end, by means of an adopter, is to be fix- 
ed a curved i?ube, passed into water contained in a two-necked 
bottle. The part of the tube, containing the charcoal, may then 
be made red-hot; and, when this happens, the bits of sulphur are 
to be pushed forwards, one by one, by means of a wire, carefuljy 
excluding air. As soon as the sulphur comes into contact with 
the charcoal, bubbles of gas will be produced iagreat abundance, 
and a vapour will appear, which will' condense, under the water' 
in the bottle, into a liquid, of which, in the course of a day, about 
half a pint may be procured. This liquid may be purified by re- 
distilling it at a very gentle heat, not exceeding 100° or 110° Fah- 
renheit: and some dry muriate of lime may be put into the retort, 
in order to obtain the fluid perfectly free from water. The liquid 
which comes over is quite pure, and some sulphur remains in the 
retort. 
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The alcohol of sulphur has the following properties: 

1. It is eminently transparent, and perfectly colourless. Some- 
times, immediately after distillation, the oily liquid appears a little 
opaque and milky; but the next day it is found to have become 
completely limpid. It has an acrid, pungent, and somewhat aro- 
matic taste; its smell is nauseous and fetid, though differing from 
that of sulphureted hydrogen. 

2. Its specific gravity is 1.272; its, refractive power, as ascer- 
tained by Dr. Wo 11 as ton, is 1 .645. Its expansive force (at 30 inches 
barometer, and 53 j° Fahrenheit) is equal to the pressure of 7.36 
inches of mercury; so that air, to which it is admitted, will dilate 
about one fourth ot its volume. It boils briskly under the common 
atmospheric pressure, at a temperature of 105° or 110° Fahren- 
heit. It does hot congeal, at a temperature as low as 60 9 below 
© of Fahrenheit. 

3. It is highly inflammable, and takes fire at a temperature 
scarcely exceeding that at which mercury boils. Its flame is 
bluish, and it emits copious fumes of sulphurous acid. If a long 
glass tube, open at both ends, be held over the flame, care being 
taken to keep the tube quite cool, no moisture whatever is depo- 
sited on its inner surface, a sufficient proof of the absence of hy- 
drogen. 

The oily liquid readily dissolves in alcohol and ether, though not 
in all proportions, and these solutions are decomposed by the ad- 
dition of water. It readily incorporates with fixed and volatile oils, 
and rapidly dissolves camphor. It is not soluble in water. 

5. In its liquid state, it suffers no change on being heated with 
potassium; but potassium, when heated in its vapour, becomes 
ignited, and emits a reddish flame. The residue, when washed 
with water, affords sulphuret of potash and charcoal. 

6. It does not tarnish mercury or its amalgams, nor silver, un- 
less it contain more sulphur than is essential to its constitution. 

7. The alkalies dissolve it entirely, but very slowly. Of the 
acids, none exert any sensible action on it, but the nitro-muriatic 
and liquid oxymuriatic acids, which occasion its decomposition. 

8. When transmitted over ignited copper or iron turnings, alco- 
hol of sulphur is decomposed, the metal combining both with char- 
coal and sulphur; and a rose coloured fluid is obtained, differing in 
its sensible qualities from the original liquid, and apparently con- 
sisting of the same elements in different proportions. 

The proportions of the elements of sulphuret of carbon are de- 
duced' by Berthollet, Thenard, and Vauquelin, to be from 14 to 
15 parts of charcoal, and from 85 to 86 of sulphur, in 100. This 
statement of its composition nearly agrees with that inferred by 
Drs. Berzelius and Marcet; viz. 

y 

Sulphur . . . . 84.83 or 100. 
Carbon .... 15.17 17.89 

100. 117,89 

* r QL. I.— P,|> 
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The above-mentioned numbers establish the proportion of the 
elements of this compound to be two atoms of sulphur to one of 
carbon. 

The sulphuret of carbon was found by Berzelius to be capable 
of uniting with alkaline and earthy bases, and of forming com- 
pounds which may be called Carbo-Sulfihurets. But their pro- 
perties, and the proportion of their elements, require further in- 
vestigation. 

In a subsequent memoir in the same volume of the Philosophi- 
cal Transactions, Dr. Marcet describes the extraordinary power of 
alcohol of sulphur, in producing cold. The bulb of a thermome- 
ter being covered with fine lint, and moistened with a few drops 
of the liquor, the mercury sinks rapidly from 60° to 0, and under 
the exhausted, receiver of an air pump, from + 70°, to 70° or even 
80° below, so that by this process mercury may readily be frozen. 



chapter xin. 

COMBINATION OF NITROGEN WITH OXYGEN, CONSTITUTING NITRIC 

ACID, NITROUS GAS, NITROUS OXIDE,— AND COMPOUNDS OF NI- 

THIC ACID WITH ALKALIES. 

When nitrogen and oxygen gases are mingled together, in 
whatsoever proportions they are employed, no combination ensues. 
The result is a simple mixture of the two gases, which do not, like 
inelastic fluids, separate on standing, but remain diffused through 
each other for an indefinite length of time. This is the case with 
the air of our atmosphere; and it is fortunate that such a provision 
of nature exists, since the atmosphere contains the elements of 
several combinations which, if actually formed, would be fatal to 
animal and vegetable life. When, however, either one or both of 
these elements is in a condensed state, or deprived of part of that 
caloric which keeps the particles of all gases at a distance from 
each other, they unite and form compounds, distinguished by very 
striking properties. According to the proportions in which the 
oxygen and nitrogen exist in these compounds, their qualities un- 
dergo a remarkable variation, so that from two elementary bodies, 
variously united, we have several compounds, totally unlike each 
other in external qualities, as well as in their chemical relations. 

Before describing the compounds of oxygen and nitrogen indi- 
vidually, it will contribute to perspicuity to take a general survey 
of the whole. Some of them exist essentially in an aeriform state, 
and are capable of uniting with water and other liquids in only 
small proportions. Others, again, combine with water to such an 
extent, that the liquid form is the only one under which they occur 
to our observation. When entirely deprived of water, they are all 
essentially gaseous bodies. 
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in a series of the compounds of nitrogen, founded on their pro- 
portion of oxygen, they occupy (excluding atmospherical air from 
the number) the following order, the last containing . the largest 
proportion of oxygen — nitrous oxide — nitric oxide or nitrous gas — 
per-nitrpus acid— nitrous acid or nitrous vapour— and nitric acid. 
The two first are sparingly soluble in water; but the three last unite 
with it largely, and form liquid compounds of decidedly acid taste 
and quality. 

The following Table exhibits the composition of three of these 
bodies, the calculation being founded on the experiments of Sir 
H. Davy, published in the year 1800 in his " Researches." Oxy- 
gen gas is assumed to weigh 33.8 grains, and nitrogen, 29.5 for 
100 cubical inches. 

Proportion of Proportion by 

Elements by Weight. Measure. 

t K \ I A \ 

Nitrogen. Oxygen. Nitr.gM. Ox. gas. 

Nitrous oxide . . . 63.30 36.70 . . . J00. 50.63 

gas . . . 44.05 55.95 . . . 100. 110. 

Nitrous acid* . . . 29.50 70.50 . . . LOO. 208.60 

From a comparison of the third and fourth columns of the fore- 
going Table, it is obvious, that in nitrous oxide, the nitrogen is, in 
volume, very nearly double the oxygen; that in nitrous gas, the 
two elements exist in almost equal volumes; and that in nitrous 
acid, the oxygen is a little more than twice the volume of the ni- 
trogen. Thesejcoincidences, and others of the same kind, are the foun. 
dation of the theory advanced by Gay Lussac; viz. that compounds, 
whose elements are gaseous, are constituted either of equal volumes 
of those elements; or, that if one of the elements exceeds the other, 
the excess is by some simple multiple of its volume. That the pro- 
portions of nitrogen and oxygen by measure do not, in the forego- * 
ing instances, exactly conform to this law, is ascribed by Gay Lus- 
sac to unavoidable inaccuracies, attendant on all delicate processes 
for determining the constitution of gaseous bodies. In one instance, 
this was proved experimentally; for M. Berard, by the combustion 
of potassium in 1Q0 measures of nitrous gas, obtained exactly 50 
measures of nitrogen. Hence the table, corrected to coincide with 
the views of Gay Lussac, and enlarged so as to comprehend all 
the known compounds of nitrogen, will stand as follows: 

Measures of 100 grains contain 

/ A ^ t * 1 

Nitrogen. Oxygen. Nitrogen. Oxygen. 

Nitrous oxide consists of 100 50 . • . 63.58 36.42 

gas .... . 100 100 .. . 46.60 53.40 

Per-nitrous acid . . . . 100 150 « • . 42.02 57.98 

Nitrous acid 100 200 . . . 30.40 69.60 

Nitric acid ..... 100 250 .. . 25.97 74.03 

* These were at first stated to be the proportions ef the elements, of nitric 
acid; but they apply more correctly to nitrou* acid. 
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Supposing the foregoing proportions by volume to be correct, 
the proportions by weight will be as follows; 

In weight of 

i A 1 

Nitrogen. Oxygen. 

Nitrous oxide consists of . . 100 + 57 

gas . ... 100 + 114 

Per-nitrous acid 100 + 171 

Nitrous acid 100 + 228 

Nitric acid . . - 100 + 285 

In all these compounds, the elements are in a state of condensa- 
tion, except in nitrous gas, in which the nitrogen and oxygen, ac- 
cording to Gay Lussac, are precisely in the same state of density, 
as in nitrogen and oxygen gases. In the other compounds, the 
contraction, he apprehends, is exactly equivalent to the bulk of the 
oxygen gas. For example, in 100 measures of nitrous oxide, con- 
sisting of 100 measures of nitrogen gas and 50 measures of oxygen 
gas, the condensation is 50 measures. On the same principle 100 
measures of nitrogen gas and 200 of oxygen gas constitute. 100 of 
nitrous acid gas; and 100 measures of nitrogen and 250 of oxygen 
compose 100 of gaseous nitric acid. 

Mr. Dalton, in his " New System of Chemical Philosophy," has 
given a Table of the Compounds of nitrogen and oxygen, which 
differs essentially from that of Gay Lussac. This table, however, 
it is unnecessary to copy, because it has been since materially al- 
tered by the author, who has presented it under the following cor- 
rected form.* 

Volumes of Atoms of Symboty 

t ^ \ r ~* * 

Nitrogen. Oxygen. Nitrogen. Oxygen. 

Nitrous oxide . . 100 + 62 2 .+ 1 QXXD 
gas. . . 100 + 124 1 + 1 (DO 

Per-nitrous acid i 100 + 186 2 + 3 GOTO 

Nitrous acid . . 100 + 248 1 + 2 OCDO 

Nitric acid ... 100 + 310 2 + 5 




It will be obvious, from a comparison of this table with the fore- 
going one, that it assigns to all the compounds of nitrogen, 24 per 
cent, or very nearly one fourth, more oxygen, than is stated by 
Gay Lussac to enter into their composition. It is admitted, on all 
hands, that setting out from nitrous oxide, the other compounds of 

« 

* Thomson's Annals, ix. 193. 
t O representing oxygen, and © nitrogen-. 
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nitrogen contain proportions of oxygen, which are simple multi- 
ples, both in weight and in volume, of that existing in nitrous 
oxide. The question, which is still disputed by the opponents of 
the theory of volumes, is whether it be true that one volume of 
nitrogen unites with either exactly half a volume of oxygen, or 
with exactly an equal volume, or a double volume, and so on. Ana- 
logy is certainly in favour of this opinion; for the instances are nu- 
merous, in which gaseous bodies observe the law respecting vo- 
lumes; deduced by Gay Lussac; and we have not, at present, any 
well ascertained exception to it. The argument, which, perhaps, 
weighs most in its favour, when applied to the combinations of 
nitrogen and oxygen, is that, assuming nitrous oxide to consist of 
one volume of nitrogen and half a volume of oxygen, and multi- 
plying the oxygen of nitrous oxide by 5, we are led to proportions 
constituting nitric acid, which almost exactly agree with those 
deduced by Dr. Woilaston from the experiments of Richter and 
Phillips. , 

If it should, hereafter, be unquestionably established that the 
elements of the compounds of nitrogen and oxygen are truly ex- 
pressed by the table of Gay Lussac, it will then follow that the 
number representing the atom of nitrogen (oxygen being taken at 
7.5) must be 13, or (oxygen being 40) 17.5. In this determination, 
it is taken for granted that the two elements exist atom to atom in. 
nitrous oxide, and that this, and not nitrous gas, is the true binary 
compound. But if, with Mr. Dalton, we suppose nitrous oxide to 
be constituted of two atoms of nitrogen to one of oxygen, we 
must then express the weight of the atom of nitrogen, either by 
13 -5- 2 = 6.5, or, taking oxygen at 10,- by 17.5 -j- 2 = 8.7$. It ap- 
pears to me, however,jnost probable, that the former view is the 
correct one, and that 

Nitrous oxide consists of 1 atom of nitrogen + 1 of oxygen. : 

Nitrous gas 1 ......+ 2 .... - 

Pcr-nitrous acid *. . . . 1 ...... -f 3 .... ., 

Nitrous acid 1 ...... -f- 4 ... . 

Nitric acid . . . . . 1 . • . . . • +5 • • • * 

It is obvious that as the five compounds of nitrogen and oxygen, 
which have been already described, contain the same elements, 
and differ only in their proportion, they maybe converted into each 
other, by adding or subtracting a due proportion of oxygen. Thus 
nitric acid, by contact with some of the oxidizable metals, is con- 
verted into, nitrous gas; and nitrous gas, by abstracting a farther 
quantity of oxygen, is changed into .nitrous oxide. Again, by- 
adding oxygen to nitrous gas, it may be reconverted into per- 
nitrous, nitrous, or nitric acid, according* to the proportion of oxy- 
gen which is added, and the circumstances under which the com- 
bination is effected. 
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SECTION I. 

Nitric Acid. 

I. The direct combination of nitrogen and oxygen, affording a 
decisive synthetic proof of the nature of this acid, may be effected 
by passing electric sparks through a mixture of nitrogen and oxy- 
gen gases. The experiment is an extremely laborious one, and 
requires, for its performance, a powerful electrical machine; but 
those who are disposed to repeat it, may proceed as follows: 

Let the tube, fig. 84 c, be filled with, and inverted in, mercury. 
Pass into it a portion of atmospherical air, or an artificial mixture 
of nitrogen and oxygen gases, in the proportion of one of the for- 
mer to two of the latter.— Let an iron wire, lengthened out with 
one of platinum, be introduced within the tube, so that the latter 
metal only may be in contact with the mixed gases; and let the 
end of this wire be distant about one fourth of an inch from the 
extremity of the upper conducting one. When the apparatus is 
thus disposed, pass a series of electric sparks or shocks through 
the gases for several hours. The mixture will be diminished in 
bulk; will redden litmus-paper when enclosed in it; and will ex- 
hibit distinctly the smell of nitrous acid. If the experiment be re- 
peated, with the addition of a few drops of solution of potash, in 
contact with the gases, we shall obtain a combination of nitric 
acid with potash. 

This interesting experiment on the generation of nitric acid we 
owe to Mr. Cavendish, who discovered the fact in the year 1785*. 
The proportions, which he found to be necessary for mutual satu- 
ration, were five parts of oxygen gas and three of common air, or 
seven parts of oxygen gas to three of nitrogen gas. The acid, 
thus obtained, being constituted of 100 measures of nitrogen -f 233 
oxygen, appears therefore to have been intermediate between ni- 
trous and nitric acid, or more probably consisted of both those 
acids in a state of mixture. No evolution either of light or heat 
attends this combination, which is very slowly and gradually 
effected. 

Another synthetic proof of the production of nitric acid will be 
stated under the article nitroua gas. It is furnished by the gene- 
ration of nitrous gas, and ultimately of nitric acid, when ammonia 
is brought into contact with the black oxide of manganese. 

For all purposes of utility or experiment, however, nitric acid is 
prepared in a different manner, viz. by the decomposition of nitrate 
of potash, in a way which will be described in the section on that 
salt. 

II. The analysis of the nitric acid may be obtained by driving 

* Philosophical Transactions, lxxv. 
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its vapour through a red hot porcelain tube (fig. 40, c c,) and re- 
ceiving the generated gases, which prove to be a mixture of nitrous 
acid, oxygen, and nitrogen gases. 

III. The liquid nitric acid has the following properties: 
(a) It is heavier than v water, in the proportion of 1.5 or upwards 
to I. Proust obtained it as high as J. 62; and the specific gravity 
of real nitric acid, which cannot, however, be obtained separately, 
may be calculated at 1.75. In its heaviest form, it still contains a 
portion of water, which is essential to its existence in a liquid 
state, and without which its elements would separate from each 
other. In acid of the sp. gr. 1.50, the water amounts, calculating 
from the data furnished by Dr. Wollaston, to 25.11 grains in 100 
grains'of acid; or according to Mr. R. Phillips to 25.09. 

Pure nitric acid may be considered as a gaseous body, of the 
specific gravity, compared with common air, of 2440: one hundred 
cubic inches, at 55° Fahrenheit and under 30 inches pressure, 
weigh, according to Sir H. Davy, 76 grains; or corrected to the 
temperature of 60° Fahrenheit, they weigh 75.21 grains. The 
liquid acid (termed by Davy hydro-nitric acid) consists of this gas 
condensed by water, of which it contains various proportions. We 
have not, however, at present, documents sufficient for the con- 
struction of an accurate Table of the quantities of real nitric acid 
in acids of different densities. According to Sir H. Davy, the 
strongest acid (sp. gr. 1.55) contains 14.4 parts of water in 100; 
and acid of sp. gr. 1.42 contains 25.2 of water in 100.* The Table 
published by Mr. Daltonf that philosopher has since found reason 
to believe to be inaccurate; but the following results, which he has 
been so good as to communicate to me, he thinks are entitled to 
greater confidence. 

Table of the quantity of real Acid in JVttric Acid of different 

densities. 



Parts of 


Parts of 1 


Acid per ct. 


Acid per ct. ) 


Speeifie 


Acid. 


Water. 


by weight. 


by measure. 


Gravity. 


45 


+ 8 


84.9 


137.5? 


1.62? 


45 


+ 16 , 


73.8 


114.4? 


1.55? 


45 


+ 24 


65.2 


96.4 


1.48 + 


45 


+ 32 


58.4 


84. 


1.44 


45 


+ 40 ' 


53. 


74.7 


1.41 


45 


+ 48 


48.4 


67.& 


1.39 


45 


+ 56 


44.5 


60.5 


1.36 


45 


+ 64 


41.3 


55.3 


1.34 


45 


+ 180 


20. 


22.8 


1.142 



The Table of Mr. Dalton, Dr. Ure believes, however, to be de- 
efficient in accuracy, and he has constructed two others (for which 



* Elements, p. 265. 



f New System, p. 355. 
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see the Appendix,) the first from experiments on the mixture of 
nitric acid of specific gravity 1.500 with water, in the proportions 
of 95 + 5, 90 •+■ 10, 80, -f* 20, &c; and the second from the calcu- 
lation of the intermediate terms by a law of progression, which may - 
be thus stated: The specific gravity of dilute acid, containing 10 
parts in the hundred of acid of density 1.500, is by experiment 
1.054. Taking this number as the root, its successive powers will 
give us the successive densities, at the terms of 20, 30, 40 per cent* 
&c. Thus 1054 2 = 1.111 is the specific gravity corresponding to 
20 strong acid -f- 80 water; 1054 3 = 1.234 the density of 30 strong 
acid + 70 water; and hence any one term being given the whole 
' series may be found. 

(b) Pure gaseous nitric acid, according to the experiments of 
Sir H. Davy, published in the year 1800, is composed in 100 grains, 
of 26§ azote, and 70j oxygen. This approximation differs but 
little from the proportions deducible from the synthetic experi- 
ments of Cavendish, viz. 27. 8 nitrogen to 72.2 oxygen. The later 
results of Sir H. Davy have led him, however y ' to believe, that 4 in 
volume of nitrous gas and 2 of oxygen gas, when condensed in 
water, absorb 1 in volume of oxygen to become nitric acid. Now* 
estimating the oxygen gas, existing in nitrous gas, at one half its 
volume, and taking the specific gravities of oxygen and nitrogen 
gases at the numbers already given, 100 parts by weight of nitric 
acid will consist of 

Oxygen ..... 74.13 ... . 286 
Nitrogen .... 25.87 . . * . 100 

100. 286 

In investigating what number should be used as the equivalent 
of nitric acid, Dr. Wollaston was led to inquire into the composi* 
tion of that acid; and, from his own experiments, and those of 
Richter and Phillips, he infers the oxygen, which nitric acid con- 
tains, to be by weight to the nitrogen, as 50 to 17.54. Hence nitric 
acid, as it exists in nitre, will be composed by weight of 

Oxygen . . " . 74.03 . . . 100 . . . 285 
Nitrogen . . . 25.97 ... 35 . . . 100 



J00* 135 385 

By an easy caculation, it will be found that the nitrogen, in 10O 
grains of nitric acid thus constituted, is equal in volume to 88" 
cubic inches, and the oxygen to 219. But as 88 to 219, so is 100 
to 249; and on this view of the nitric acid, it is composed of I 
volume of nitrogen and 2 j of oxygen, which agrees with the re- 
•ult of Sir H. Davy, and with the latest determination of Gay 
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Lussac* The.se proportions appear on first view to be favour- 
able to the opinion, that nitric acid consists of two atoms of oxy- 
gen to one of nitrogen; for as 75 to 25, so is 15 (twice 7.5) to 5, 
the number already deduced from the analysis of ammonia, as 
representing the weight of the atom of nitrogen. It must be ac- 
knowledged, that there is some uncertainty respecting the weight 
of the atom of that element. Dr. Wollaston deduces its equiva- 
lent (oxygen being 10) to be 17.54; and hence the atom of nitro- 
gen will bear to that of oxygen. the proportion of 13.15 to 7.5; and 
nitric- acid, according to this view, will consist of 5 atoms of oxy- 
gen = 37.5, and 1 atom of nitrogen = 13.15; and its atom will 
weigh 50.20. Farther investigation must determine, which of 
these views is most conformable to truth. 

(c) Hydro-nitric acid is perfectly limpid and colourless, and 
emits white fumes, when exposed to the air. 

(d) It gives a yellow stain to the skin. 

(e) It boils at 248° Fahrenheit, and may be distilled over, with- 
out any essential change. This, however, is true only of acid of 
the specific gravity 1.42; for an acid, weaker than this, is strength- 
ened by being boiled; while an acid, stronger than 1.42, becomes 
weaker by boiling. All the varieties of nitric acid, therefore, are 
brought, by sufficient boiling, to the specific gravity 1.42. 

(jO Hydro-nitric acid may be frozen by the application of a 
sufficiently low temperature. Like sulphuric acid, there is a cer- 
tain point of density, at which it most readily congeals. Mr. Ca- 
vendish has described this, not by its specific gravity, but by the 
quantity of marble which it is capable of dissolving. When it 
takes up four hundred and eighteen lOOOths of its weight, in which 
case its specific gravity is 1.3, the acid freezes at 2° below Fah- 
renheit. When considerably stronger and capable of dissolving 
five hundred and sixty-one lOOOths, it required cooling to — 41.6; 
and when so much diluted as to take up only two hundred and se- 
venty-six lOOOths, it did not congeal till cooled to — 40. 3. t 

(g) Strong hydro-nitric acid absorbs moisture from the atmos- 
phere; in consequence of which it increases in weight, and dimi- 
nishes in specific gravity. 

(A) When two parts of the acid are suddenly diluted with one 
of water, an elevation of temperature is produced to about 112° 
Fahrenheit; and the admixture of 58 parts by weight of acid of 
specific gravity 1.50 with 42 parts of water, both at 60° Fahren- 
heit, gives a temperature of 140°4 When more water is added 
to this diluted acid, its temperature is reduced. Snow or ice added 
to the cold dilute acid is instantly liquefied, and an intense degree 
of cold is produced* 

(i) It becomes coloured by exposure to the sun's light, passing 
first to a straw colour, and then to a deep orange. This effect is 

* Ann. de Chim. et Phys. i. 404. . t Phil. Trams. 1 788. ' 

~f Dr. Ure, Jouro. of Science, iv* 298. 
Vol. I. — Q q 
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produced by the union of the light of the sun with oxygen, in con- 
sequence of which the proportion of the acidifying principle to 
the nitrogen is diminished. 

By exposing it to the sun's rays in a gas bottle, the bent tube of 
which terminates under water, oxygen gas may be procured. 

(k) |This acid retains its oxygen with but little force. — Hence it 
is decomposed by all combustible bodies, which are oxygenized 
by it, with more or less rapidity in proportion to their affinity for 
oxygen. 

1. When brought into contact with hydrogen gas at a. high 
temperature, by transmitting them through an ignited porcelain 
tube, a violent detonation ensues. This experiment, therefore, 
requires great caution. 2. Poured on perfectly dry and powdered 
charcoal, it excites the combustion of the charcoal, which becomes 
red-hot, and emits an immense quantity of fumes. 3. It also in- 
flames essential oils (as those of turpentine and cloves,) when sud- 
denly poured on them. In these experiments, the acid should be 
poiVred out of a bottle, tied to the end of a long stick; otherwise 
the operator's face and eyes may be severely injured. 4. Nitric 
acid is decomposed, by boiling it in contact with sulphur, which 
attracts the oxygen, and forms sulphuric acid. 

(/) The hyelio-nitric acid is also decomposed by metals; as iron, 
tin, zinc, copper, &c; and with different phenomena, acccording 
to the affinity of each metal for oxygen. This may be seen, by- 
pouring some strong nitric acid on iron filings, or powdered tin. 
The acid must be of greater density than 1.48, otherwise it will not 
produce the effect. Violent heat, attended with red fumes, will be 
produced, and the metals will be oxydized. 

(w) If the action of metals on nitric acid be more moderately 
conducted, a new product is obtained in a gaseous state. Dilute 
some nitric acid of commerce with 6 or 8 parts of water, and dis- 
solve, in this, some turnings of copper, or a portion of quicksilver, 
applying a gentle heat. — This must be done in a gas bottle, and 
the product, received over water, is nitrous gas, or nitric oxide. 
Mr. Dalton recommends acid, of density 1.2 or 1.3 to be poured 
on filings of copper, without any other heat than that which the 
action of the acid and metal on each other occasions. 



SECTION II. 

Nitrous Ga8) or Nitric Oxide. 



The properties of this gas, procured in the manner described 
at the close of the last section, are the following: 

(a) It is permanent over water; but it is absorbed in the propor- 
tion of about 1 volume to 1 8 or 20 water, when agitated with wa- 
ter which has been recently boiled, and has become cold. This 
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solution, according to La Grange, is converted, by long keeping, 
into nitrate of ammonia, in consequence of the decomposition of 
the water. 

Nitrous gas is rather heavier than common air. One hundred 
cubic inches at 55°, barometer 30°, were stated by Sir H. Davy in 
1800, to weigh 34.26, or at 60° Fahrenheit 33.80 grains. He now, 
however, 'gives the weight of 100 cubic inches at 32 grains, and 
hence its specific gravity is 1.050. Berard's determination is con- 
siderably lower; v\z. 1.0388 by experiment, or 1.0364 corrected by 
calculation. 

(b) When well washed with water, it is not acid; It will be 
found not to redden the colour of litmus. This may be shown by 
introducing a piece of paper, tinged with that substance, into a jar 
of nitrous gas, standing inverted over water. To accomplish this, 
the paper should be fastened to the end of a glass rod or a piece 
of stick. The colour will remain unchanged. 

(c) It extinguishes flame, and is fatal to animals. Homberg's 
pyrophorus, however, is inflamed by it; and charcoal and phos- 
phorus, introduced into it when in a state of actual combustion, 
continue to burn vehemently. 

(d) Mingled with hydrogen gas, it imparts a green colour to 
its flame. It does not, howevef, explode with hydrogen in any 
proportion, nor with any of the varieties of carbureted hydrogen. 
But, when mixed with ammonia, an electric spark produces a de- 
tonation, as I have shown in the Philosophical Transactions for 
1809. The proportions required for mutual saturation are about 
120 measures of nitrous gas to 100 of ammonia. 

(<?) When mixed with oxygen gas, red fumes arise; heat is evolv- 
ed; a diminution takes place; and if the two gases be in proper 
proportion, and perfectly pure> they disappear entirely. Ten mea- 
sures of oxygen, Mr. Dalton asserts* may be made to condense any 
quantity bf nitrous gas, between 13 and 36 measures, accordingly 
as the mixture is conducted; and Gay Lussac finds that 100 mea- 
sures of oxygen gas condense over water from 134 to 365 nitrous, 
but in a dry glass vessel only 204, which, allowing for inaccuries, 
may be stated at 200. In the latter case the total 300 measures 
become 200 of nitrous -acid vapour. „ 

(/) The same appearances ensue, less remarkably, with at- 
mospheric air; and the diminution is proportionate to the quan- 
tity of oxygen gas which it contains. On this property, of its 
condensing oxygen, but no other gas, is founded the application 
of nitrous gas to the purpose of eudiometry, or of ascertaining 
the purity of air. The sources of. error, in its employment in 
this mode, have hitherto been considered such as to- forbid our 
relying implicitly on the results which it may afford. Learning 1 , 
however, from Mr. Dalton, that he constantly employs nitrous gas 
in determining the purity of air, and with perfect satisfaction as 
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to the accuracy of his results, I have obtained from him the follow- 
ing communication. It may be necessary to premise, that for 
applying nitrous gas to this purpose, two tubes will be found con- 
venient, shaped like fig. 24; each from three to four tenths of an 
inch in diameter; eight or nine inches long, exclusive of the fun- 
nel-shaped part; and accurately graduated into minute aliquot 
parts. What these parts are, is of no consequence. Hundredth 
pans of a cubical inch give rather too large divisions of the scale; 
but if each of these be divided into two, the scale will be suffi- 
ciently small. If the tube employed be not long enough to com- 
prise 100 of these parts, the experiment may be made on 50 parts 
only of atmospherical air; and- the results, multiplied by 2, will 
give the proportion in 100 parts. 

" To use nitrous gas accurately in eudiometry, it is only requi- 
" site to take both gases in a dilute state, namely, containing four 
" or five times their bulk of azotic gas (which atmospheric air na- 
" tu rally does,) or of any other gas not acted upon by nitrous or 
" oxygen gases. In this, case, if an excess of one gas be used, the 
" other is, in a few minutes, entirely taken up, and in a constant 
" proportion; whatsoever may be the form of the vessel, or the 
" manner of mixing the gases. The proportion is 1 of oxygen to 
" 1.7 of nitrous, so that 10-27ths of the diminution over water are 
" oxygen, and 17-27ths nitrous gas. It is proper, as soon as the 
" greater part of the diminution has ensued, to transfer the mix- 
" tu re through water into a graduated vessel, without using any 
" agitation. 

i( If pure nitrous gas be admitted to pure oxygen gas in a nar- 
" row eudiometer tube, so that the oxygen gas is uppermost, the 
" two unite very nearly in the same uniform proportion as above. 
" if, on the other hand, the nitrous be the upper gas, a much less 
" quantity of it disappears, viz. 1.24 nitrous to one oxygen. If un- 
" diluted nitrous gas be admitted to pure oxygen gas in a wide 
" vessel over water, the whole effect takes place immediately; and 
" one measure of oxygen will condense 3.4 nitrous gas. 

" To render this rule more intelligible, an example may be ne- 
" cessary. Let 100 measures of common air be admitted to 100 
" measures of a mixture of nitrous gas, with an equal volume of 
" azotic or hydrogen gas. After standing a few minutes in the 
" eudiometer, there will be found t44 measures. The loss 56 be- 
" ing divided by the common divisor, 2.7, gives 2 1 nearly for the 
" oxygen gas present in 100 measures of common air." 

To these directions I may add, that when atmospherical air is 
the subject of experiment, it is scarcely necessary to dilute the 
nitrous gas, with any other gas, previously to its use. If a num- 
ber of experiments be made, it will be proper, in all cases, to let 
the gases remain together a definite time (say 10 minutes) before 
noting the diminution; and it is needless to transfer them into an- 
othe**v66sel. If the mixed gas, under examination, contain much 
more oxygen than is present in atmospherical air, then it is propef 
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to dilute the nitrous gas with an equal bulk of hydrogen gas; and, 
in this case, the narrower the tube in which the experiment is 
made, the more accurate will be the result. 

Subsequent experience has convinced me that the method, pro- 
posed by Mr. Dalton, though sufficiently correct when applied to 
a mixture of the same, or nearly the same, standard as the atmos- 
phere, cannot be relied on when the proportion of oxygen is either 
considerably greater or less. In the former case, the process gives 
too great a diminution, sometimes indeed to such an extent as to 
indicate more oxygen gas than the whole amount of what was sub* 
mitted to experiment. When the air, on which we are operating, 
is of an inferior standard to the atmosphere, we do not learn its full 
proportion of oxygen. Notwithstanding these objections, however, 
the method has considerable value, since it may be applied to de- 
termine the proportion of oxygen in some mixed gases, to which 
other eudiometrical tests are not applicable; for example, to mix- 
tures of hydro-carburet and oxygen gases. 

The application of nitrous gas to eudiometrical purposes, it has 
lately been contended by Gay Lussac, is susceptible of perfect ac- 
curacy, provided certain precautions be observed which he has 
pointed out, and which were suggested by his theoretical views of 
the constitution of these gases. A narrow tube he finds to be unfit 
for an eudiometer, his object being to form nitrous acid gas, which 
is but slowly absorbed by water* Instead therefore of a tube, we 
must take a wide vessel, such as a small tumbler glass; and to 100 
parts of atmospheric air, previously measured, we must add at once 
100 measures of nitrous gas. A red fume will appear, which will 
soon be absorbed without agitation, and in half a minute, or a minute 
at most, the absorption will be complete.- Pass the residuum into 
a graduated tube, and it will be found, almost invariably, that 84 
measures have disappeared. Dividing this number by 4, we have 
21 for the quantity of oxygen condensed. 

By a series of experiments on mixtures of oxygen and nitrogen 
gases in various proportions, Gay Lussac found that this eudiome- 
trical process may be depended upon, whether the oxygen exceed 
or fall short considerably of the proportion contained in atmosphe- 
ric air. 

(g) The generation of an acid, by the admixture of nitrous gas 
with common air or oxygen gas, may be shown by the following 
experiment. Paste a slip of litmus paper within a glass jar, near 
the bottom; and' into the jar, filled with and inverted in water, ad- 
mit as much nitrous gas, previously well washed, as will displace 
the water below the level of the paper. The colour of the litmus 
will remain unchanged; but, on adding atmospheric air or oxygen 
gas, it will be immediately reddened. 

(A) The acid, thus produced, is either nitric or pemitrous, ac- 
cording to the circumstances of the experiment, the presence of 
water favouring the production of the latter, and its absence pro- 
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moting that of nitric acid.* The nature of the product may be 
shown, in a general way, as follows: Into a jar, filled with and in- 
verted in mercury, pass a small quantity of a solution of pure potash; 
and, afterward, measures of oxygen and nitrous gases, separately, 
and in proper proportion. On removing the solution from the jar, 
exposing it for some time to the atmosphere, and afterward evapo- 
rating it, crystals of nitrate of potash will be formed, a salt which 
is ascertained to be formed of potash and nitric acid. 

(i) Nitrous gas is absorbed by hydro-nitric acid, which, by this 
absorption, is considerably changed in its properties. Transmit the 
gas, v as it issues from the materials that afford it, through colour- 
less nitric acid. The acid will undergo successive changes of co- 
lour, till at last it will become orange-coloured and fuming. In 
this state it is called nitrous acid, because it contains a less pro- 
portion of oxygen than the colourless nitric acid. 

According to Dr. Priestley, 100 parts of nitric acid, of the spe- 
cific gravity of 14 to 10, absorb, in two days, 90 parts by weight of 
nitrous gas.f When about seven par£s of gas have been absorbed, 
the acid acquires an orange-colour; when i8 have been absorbed, 
it becomes green; and the whole quantity, which it is capable of 
condensing, changes it into a liquor, which emits an immense 
quantity of red fumes. The gas, thus absorbed, is mostly separa- 
ted again on dilution with water. 

(k) The nitrous gas, thus absorbed, is expelled again by a gen- 
tle heat. This may be shown by gently heating the acid coloured 
in Experiment s, till it again becomes limpid. In this experiment 
light should be excluded. 

(/) Nitrous gas is decomposed by exposure to bodies that attract 
oxygen. Thus, iron filings decompose it, and become oxydized, 
affording a proof of the presence of oxygen in this gas. During 
this process, water* ammonia, and nitrous oxide, in the proportion 
of one volume from two of nitrous gas, are generated. Sulphuret 
of potash, &c. have a similar effect. Sulphuret of barytes gives 
one half its volume of nitrogen. Mixed with sulphurous acid, ni- 
 trous gas is decomposed, and this acid is changed into the sulphu- 
ric, but not unless water is present.^ Nitrous gas does not with 
hydrogen gas afford a mixture that can be exploded by the electric 
spark; but with ammoniacal gas it may be fired in a Volta's eudio- 

* Dalton, in Thomson's Annals, x. 39. 
+ Priestley on Air, 2d. edition,!. 383. In the experiment alluded to, one 
fifth of an ounce-measure of uiiric acid absorbed 130 ounce- measures of ni- 
trous gas; or more thau 60 per cent by weight. There is reason, however, \o 
suspect some inaccuracy in the experiment; for according- to Sir H. Davy, 
300 parts of nitric a-:id, after having absorbed all the nitrous gas which it is 
mpable of condensing, hold only nine or between nine and ten parts in com- 
Vmatio;), and Mr. Dalton could not condense more thau 20 times its bulk, or 
a little more than 2 percent, by weight, of nitrous gas, into acid of the speci- 
fic gravity 1.3. 

J Nicholson's Journal, xvii. 43. 



SECT. II. NITROUS GAS. -311 

meter over mercury. The oxygen of the nitrous gas unites with 
the hydrogen of the ammonia, and the nitrogen of both gases is 
set at liberty* 

Bodies that have a still more powerful affinity for oxygen de- 
compose nitrous gas into its ultimate elements. Charcoal ignited 
in 100 measures, gives 50 measures of nitrogen gas, and 50 of 
carbonic acid. Arsenic, zinc, or potassium, when heated in it, 
evolve half its volume of nitrogen. Nitrous gas should consist, 
therefore, of 1 volume of oxygen + 1 volume of nitrogen, neither 
of which elements is in a state of condensation. This, however, 
would lead to a determination of the weight of the atom of nitro- 
gen, very different from that already deduced from the composi- 
tion of ammonia and of nitric acid. For if nitrous gas be constitu- 
ted, as Mr. Dalton supposes, of an atom of each of its elements, 
and if these exist in it in equal volumes, the atom of oxygen will 
be to that of nitrogen as 33.8 to 29.5 (the proportions by weight in 
nitrous gas, according, to this view of its composition) or as 7.5 to 
rather more than 6.5, which last number would denote the weight 
of the atom of nitrogen. I have, however, expressed my coinci- 
dence in the opinion, that nitrous gas consists of one atom of nitro- 
gen and two of oxygen; which would make the weight of the atom 
of nitrogen 6.5 x 2 == 13. 

(w) Nitrous gas and chlorine, when both perfectly dry, have no 
action whatsoever on each other; but* if water be present, there is 
an immediate decomposition, and nitrous and muriatic acids are 
formed. . 

(n) Nitrous gas is absorbed by the green sulphate and muriate 
of iron,* which do not absorb nitrogen gas. To ascertain, therefore, 
how much nitrogen gas a given quantity of nitrous gas contains, 
let it be agitated in a graduated tube with one of these solutions. 
This analysis is necessary, previously to deducing, from its effects 
on atmospheric air, the proportion of oxygen gas; for we must 
subtract from the residuum the quantity of nitrogen introduced 
by the nitrous gas. 

From the important use which is now made in eudiometry of 
this solution of nitrous gas in sulphate of iron, it may be proper to 
describe the mode of its preparation. 

Dissolve as much of the green sulphate of iron in water as the 
water will take up, or dissolve iron filings in sulphuric acid, dilu- 
ted with five or six parts of water, leaving an excess of the iron, in 
order to ensure the perfect saturation of the acid. Fill a wide- 
mouthed bottle with this solution, invert it in a cupful of the same, 
and into the inverted bottle receive the nitrous gas, as it is gene- 
rated by the proper materials, shaking the inverted bottle frequent- 
ly. The colour of this solution will change to black, and the pro- 
duction of gas and the agitation are to be continued, till the absorp- 
tion can be carried no farther. The impregnated solution should 

* For an account of these salts, see chap, xviii. sect. 6. 
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be preserved in a number of small bottles, not holding more than 
an ounce or two each. The most commodious method of applying 
this solution, is by means of Dr. Hope's eudiometer, already de- 
scribed. (Chap. v. sect. 4.) 

(o) A very interesting experiment, affording a synthetic proof 
of the constitution of nitrous gas, was made by the Rev. Dr. Mil- 
ner, of Cambridge.* Into an earthen tube, about 20 inches long 
and three fourths of an inch wide, open at both ends, put as much 
•coarsely powdered manganese as is sufficient nearly to fill it. Let 
this be placed, horizontally, in a furnace, having two openings op- 
posite to each other, (fig. 40.) To one end of the earthen tube adapt 
a retort, containing a strong solution in water of pure ammonia, and 
to the other a bent glass tube, which may terminate in a two-necked 
empty bottle. To the other neck of the bottle, lute a glass tube, 
bent so as to convey any gas that may be produced, under the shelf 
of the pneumatic trough. Let a fire be kindled in the furnace; and, 
when the manganese may be supposed to be red-hot, drive over 
it the vapour of the ammonia. The alkali will be decomposed; its 
hydrogen, uniting with part of the oxygen which is 'combined with 
the manganese, will form water; while its nitrogen, uniting with 
another portion of the oxygen, will constitute nitrous gas. The 
gas, thus generated, may be collected by the usual apparatus. 

(ft) Another fact, showing the mutual relation of ammonia and 
of the compounds of nitrogen, was discovered some years ago by 
Mr. Wm. Higgins.f Moisten some powdered tin (which is sold 
under this name by the druggists) with strong nitric acid; and, when 
the red fumes have ceased to arise, add some quick-lime or solu- 
tion of pure potash. A strong smell of ammonia will be imme- 
diately produced. 

In this experiment, the tin, at the same instant, attracts the oxy- 
gen both of the nitric acid and of the water. Hydrogen and nitro- 
gen are consequently set at liberty; and, before they have assumed 
the gaseous state, these two bases combine, and constitute ammo- 
nia. The ammonia, thus generated, unites with a portion of unde- 
composed nitric acid; and is disengaged from this combination by 
potash or lime, which render it evident to the smell. 



SECTION III. . 

Gaseous Oxide of Nitrogenj—mNitrou8 Oxide of Davy. 

I. This compound, also consisting of oxygen and nitrogen, but 
in different proportions from those of nitrous gas, may be obtained 
by several processes. 

* Phil. Trans. 1789. 
f See his Comparative View of the Phlogistic and Antiphlogistic Theories, 
2d. editioB, p. 300, note. 
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(a) By exposing common nitrous gas for a few days to iron 
filings, or to various other bodies strongly attracting oxygen, this 
gas is changed into the nitrous «oxide. 

Some nicety and experience are required to suspend the decom- 
position before it has gone too far; in which case nitrogen gas is 
obtained. The sulphate of potash, being incapable of decomposing 
nitrous oxide, is best adapted to the conversion of nitrous gas into 
that elastic fluid. The process, in all cases, may be suspended, when 
about two thirds the original bulk of the gas are left. 

(6) By dissolving zinc, or tin, in nitric acid, diluted with five or 
six times its weight of water. Zinc, during this solution, disengages 
nitrous oxide till the acid begins to exhibit a brownish colour, when 
the process must be suspended, as nitrous gas is then formed. But 
by neither of these processes is the gas obtained sufficiently pure 
for exhibiting its qualities. To procure it in a state of purity the 
following process is the best adapted. 

(<r) . To nitric acid, diluted with five or six parts of water, add 
carbonate of ammonia, till the acid is saturated. Then evaporate 
the solution by a gentle heat; and, to supply the waste of alkali, 
add, occasionally, a little more of the carbonate. The salt obtained, 
after the solution has cooled* is next to be put into a glaas retort,, 
and distilled with a sand-heat, not exceeding 440° Fahrenheit.* 
The heat of an Aland's lamp is more than sufficient, and requires 
cautious regulation. The salt will presently* liquefy, and must be 
kept gently simmering, avoiding violent ebullition. The gas may 
be collected over water, and allowed to stand a few hours before 
it is used, during which time it will deposit a white substance, and 
will become perfectly transparent. 

A gazometer is best adapted for its reception; because all dan- 
ger is then avoided of an absorption of the water of the trough into 
the retort; and because the gas is brought into contact with a much 
smaller surface of water, which has the property of absorbing a 
considerable proportion of the gas. On this account, water, which 
has been once used to confine the gas, may be kept lor the same 
purpose. 

The changes that take place, during the conversion of nitrate of . 
ammonia into nitrous oxide, are the following: Nitric acid is com- 
posed of oxygen and nitrous gas; ammonia, of hydrogen and nitro- 
gen. In a high temperature, the nitrous gas combines with an 
additional dose of nitrogen, and forms nitrous oxide; while the oxy- 
gen of the decomposed nitric acid unites with the hydrogen of the 
ammonia, and forms water. Water and' nitrous oxide are, there- 
fore, the only possible results of the decomposition of nitrate of 
ammonia by heat. 

The gas, thus obtained, was. termed,. by the Society of Dutch 

* Prom the observations of Mr. Qadler (Nicholson's Journal, xv. 286,) it 
appears that the purity of the nitrate of ammonia is of considerable import 
tance; and that its adulteration with muriate diminishes the quantity, and 
impairs the quality of the gas. 
Vol. I.— R r 
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Chemists, gaseous oxide of azote; but, for the sake of brevity, and 
as more conformable to the nomenclature of other compounds of 
nitrogen, I shall use, with Sir H. Davy, the name of nitrous oxide.* 
In order to ascertain whether nitrous oxide be adulterated with 
either common air or oxygen gas, we may mix equal measures of 
the gas under examination, and of nitrous gas. If any diminution 
ensue, the presence of one of these may be suspected; and the 
amount will show which of them is contained in it. Nitrous gas, 
however, is a much more common contamination; for it is gene- 
rated, along with nitrous oxide, whenever the temperature of the 
salt is raised too high. Its presence may be detected either by a 
diminution on the admixture of oxygen gas; or by an absorption 
being effected, on agitating the gas with a solution of green sul- 
phate of iron, which has no action on pure nitrous oxide. 
. II. Nitrous oxide gas has the following properties: 

(a) It is considerably heavier than common air. At about 55° 
Fahrenheit and 30 inches pressure, 100 cubic inches weigh 50.20 
grains, or under the same pressure, and at 60° Fahrenheit 49.68. 
(Davy.) More recently Sir H. Davy has stated 100 cubic inches 
to weigh between 48 and 49 grains, and hence its specific gravity 
is very nearly 1.6. Colin makes it only 1.5204, or, corrected by 
calculation, 1.5209. On the theory that it is constituted of one 
volume of nitrogen, and half a volume of oxygen, 100 cubic inches 
should weigh 46 j grains.f 

(b) A candle burns in it with a brilliant flame and crackling 
noise. Before its extinction, the white inner flame becomes sur- 
sounded' with an exterior blue one. 

(c) Phosphorus, introduced into it in a state of inflammation, 
burns with increased splendour. 

Phosphorus, however, may be melted and sublimed in this gas, 
without alteration. It may even be touched with red hot iron wire, 
without being inflamed; but when a wire intensely heated, or made 
white hot, is applied, the phosphorus burns, or rather detonates, 
with prodigious violence. 

(d) Sulphur, introduced into nitrous oxide when burning with a 
feeble blue flame, is instantly extinguished; but when in a state x)f 
an active inflammation, it burns with a vivid and beautiful rose- 
coloured flame. 

(e?) Red hot charcoal burns in it more brilliantly than in the at- 
mosphere. When the experiment is made in a proper apparatus, 
the results of its combustion are found to be one measure of nitro- 
gen gas and half a measure of carbonic acid (equivalent to half a 
measure of oxygen) from each measure of nitrous oxide. It must, 
therefore, consist of 59 parts by weight of nitrogen and 33.8 oxy- 
gen ,( or it must contain by weight 

*For a full account of this gas, consult Sir H. Davy's Researches, Che- 
mical and Philosophical. London. Johnson, 1809. 

fDalton, Thomson's Annals, ix. 190. 

I Two hundred cubic inches of nitrogen gas weigh 59 grains, and 100 of 
oxygen weigh 33.8. 
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Oxygen , . . 36.43 100 57. 

Nitrogen ... 63.57 . 174 100. 



100. . 274 157. 

On the supposition that nitrous oxide is constituted of one atom 
of nitrogen and one of oxygen, this would make the weight of the 
atom of nitrogen = 13.4; for as 33.8 to 59, so is 7.5 to 13.4. 

(/) Iron wire hums in this gas with much the same appearance 
as in oxygen gas, hut for a shorter period. 

(£*). Nitrous oxide is rapidly absorbed by water that has been 
previously boiled, about one thirtieth the original bulk of the gas 
remaining uncondensed. A quantity of gas, equal to considerably 
more than nine-tenths the bulk of the water, may be thus made to 
disappear. This property furnishes a good test of the purity of 
nitrous oxide; for the pure gas is almost entirely absorbed by boiled 
water, which has cooled without the access of air. The gas em- 
ployed should exceed the water three or four times in bulk, in order 
.to obtain a saturated solution. 

(A) Water, -that has been saturated with this gas, gives it out 
again', unchanged, when heated. 

(J) The impregnated water does not change blue vegetable 
colours. 

(£) It has a distinctly sweet taste, and a faint but agreeable odour. 
(/) Nitrous oxide is not diminished by admixture with either 
oxygen or nitrous gas. 

(ra) A mixture of this gas with hydrogen gas detonates loudly, 
on applying a lighted taper, or passing an electric spark. 

When the proportion of hydrogen is nearly equal to that of 
nitrous oxide, or as 39 to 40, nitrogen gas only remains after the 
explosion; but when the proportion of hydrogen is smaller, nitric 
acid is also generated. In general terms, it may be stated that 
one measure requires one measure of hydrogen gas, and leaves 
after combustion one measure of nitrogen. Nitrous oxide forms, 
also (as I have shown, Philosophical Transactions, 1809, page 444,) 
a combustible mixture with ammoniacal gas, 100 measures of the 
latter requiring for saturation 130 measures of nitrous oxide. 

(n) Nitrous oxide is not absorbed by alkalies; but if it be brought 
Into contact with them, when in a nascent state, or before it has 
assumed the form of gas, it then enters into combination with alka- 
line bases. Thus, when a mixture of sulphite of potash and pure 
potash is exposed to nitrous gas, the gas is disoxygenized by the 
sulphite, and changed into nitrous oxide, which unites with the 
alkali. We obtain, therefore, a mixture of sulphate of potash with 
a compound of nitrous oxide and alkali, the former of which may 
be separated by priority of crystallization. The latter is composed 
of about three parts of alkali, and one of nitrous oxide. It is solu- 
ble in water, has a caustic taste, of peculiar pungency; and con- 
verts vegetable blues to green. Powdered charcoal, mingled with 
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it, and inflamed, burns with bright scintillations. The nitrous 
oxide is expelled from fixed alkalies by all acids, even by the car- 
bonic. 

(o) Animals, when wholly confined in this gas, die speedily. 

(/t) One of the most extraordinary properties of this gas is ex- 
hibited by its action on the human body, when received into the 
lungs. When thus employed, it does not prove fatal, because, 
when received into the lungs, it is mixed and diluted with the at- 
mospherical air present in that organ. To administer the gas, it 
may be introduced into an oiled silk bag or clean bladder, furnish- 
ed with a stop -cock, and may be breathed repeatedly from the bag 
and back again, as long as k will last. The sensations that are 
produced vary greatly in persons of different constitutions; but, 
in general, they are highly pleasurable, and resemble those atten- 
dant on the pleasant period of intoxication. Great exhilaration, 
an irresistible propensity to laughter, a rapid flow of vivid ideas, 
and an unusual fitness for muscular exertion, are the ordinary 
feelings it produces. These pleasant sensations, it must be added, 
are not succeeded, like those accompanying the grosser elevation 
from fermented liquors, by any subsequent depression of nervous 
energy. 



SECTION IV. 

Nitrous Acid, 

It has been a subject of controversy whether an acid, entitled 
to this denomination, and holding the same relation to the nitric, 
which the sulphurous bears to the sulphuric, has really existence* 
That the acid, obtained from nitre, has different states of oxygena- 
tion, and contains a less quantity of oxygen in proportion to the 
depth of its colour, is generally admitted. But it has been con-. 
tended that we are to consider all these varieties as nitric acid, 
holding in combination variable proportions of nitrous gas; and 
the principal argument in favour of this theory is that the sub- 
stance, occasioning the colour, may be separated by the mere ap- 
plication of heat. Sir H. Davy, in the year 1800, gave the follow- 
ing table, showing the proportion of nitrous gas in nitrous acid of 
different colours. 

100 parte by weight contain 

Pale yellow  
Bright ditto 
Dark orange 
tight olive • 
Dark olive • 
Bright green 
Blue green 





Sp.Gr. 


teal Acid. 


Nit. Gas. 


Water. 




. 1.502 


90.5 


1.2 


8.3 




. 1.50 


88.94 


2.96 


8.1 




• 1.480 


86.84 


5.56 


7.6 




. 1.479 


86. 


6.45 


7.55 




. 1.478 


85.4 


7.1 


7.50 




. 1.476 


84.8 


7.r6 


7.44 


• ■* 


• 1.475 


84.6 


8* 


7.40 
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Mere dilution with water is sufficient to vary these colours. 
Thus the dark orange-coloured acid, by dilution, passes through 
the shades of blue, olive, and bright green. Nitric acid, also, by 
absorbing nitrous gas, has its specific gravity diminished. Colour- 
less, aeid, for example, when rendered of pale yellow, becomes 
lighter in the proportion of 1.51 to 1.502. 

It is now, however, generally admitted that the nitrous acid is 
as much a distinct and peculiar compound as any other of the 
compounds of nitrogen. 

The proportions of its elements have been investigated by Sir 
H. Davy,* who finds that two measures of nitrous gas and one of 
oxygen, (a= 1 volume of nitrogen and 2 of oxygen), both freed 
from moisture, and mixed together in a vessel previously exhaust- 
ed of air, are condensed into half their volume,! and form a deep 
orange-coloured elastic fluid, which may be called nitrous acid 
gas. It has the following properties: 

. A taper burns in it with considerable brilliancy. Sulphur in- 
flamed does not burn in it; but phosphorus burns vividly. Char- 
coal continues to burn in it with a dull red light. Water absorbs 
it and gains a tint of green. It reddens litmus paper, has a sour 
taste, a strong smell, and turns animal substances yellow. One 
hundred cubic inches, calculating from the condensation of its ele- 
ments assumed by Davy, must weigh 65.3 grains, at mean tempera- 
ture and pressure, and it must contain in 100 grains, 

* Nitrogen • . » . 30.32 . 100 
Oxygen ..•••. 69.68 • 230 

100. 

* i 

To form liquid nitrous acid, nothing more is necessary than to 
saturate water with this vapour. The water becomes first green, 
then blue, and finally an orange colour more or less deep. The 
latter may be brought to the state of green or blue by adding more 
•r less water. Hence the Colour depends merely on the circum- 
stance of density. 

The properties of liquid nitrous acid, Berzelius remarks,^ differ 
from those of nitric acid; for while the latter boils at 236°, nitrous 
acid of the same density boils at 160°. The purely acid part he 
considers to be composed of 36.9 nitrogen + 63.1 oxygen. With 
bases, it forms a class of salts, which, he asserts, differ entirely 
from those containing nitric acid. On the other hand, we have the 
testimony of Gay Lussac that the nitrous acid is decomposed with 
so much facility by contact with alkaline solutions, as to be kica- 

* Elements of Chem. Philosophy. 

f Gay Lussac states the condensation at two thirds of the volume of the 
mixture. Ann. de Chim. et Phys. i. 403. 
{ 13 Ann. de Chim. 10. 
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pable of forming a distinct class of salts. With solution of potash, 
for example, he found that it affords pernitrate and nitrate, but no- 
thing that can properly be called a nitrate' of potash.* 



SECTION V. 

Of Per-nitrous Acid. 

When 400 measures of nitrous gas and 100 measures of oxygen' 
(in which. the nitrogen and oxygen are to each other by measure 
as 100 to 150) are mixed together over a solution of potash con- 
fined by mercury, we obtain 100 measures of a compound, called 
by Gay Lussac per-nitroua acid.j Mr. Dalton, who obtained it 
several years ago, and then considered it as nitrous acid, has lately- 
proposed to call it subrnitrous acid\\ but the name suggested by- 
Gay Lussac seems to me more conformable to analogy, since the 
new acid differs from nitrous acid in containing an additional pro- 
portion of nitrogen. This new compound is so far hypothetical, 
that it has never yet been exhibited in a separate form; for when a 
stronger acid is added, to expel it from the potash, it is resolved 
into nitrous gas and nitrous acid. 

Per-nitrous acid is, also, frequently generated, when nitrous and 
oxygen gases, or nitrous gas and common air, are mingled together 
in eudio metrical processes. At the same time nitrous and nitric 
acids are produced in proportions to the per-nitrous and to each 
other, which are modified by the circumstances of the experi- 
ment^ 

Calculating from the proportions of its elements and their state 
of condensation, 100 cubic inches of per-nitrous acid gas must 
weigh 80.2 grains; and it must consist in 100 grains of 

■* • 

Nitrogen . . . 42.02 . 100 . 72.5 
Oxygen . . . 57.98 . 137 . 100. 

i 

100. 

Per-nitrous acid unites with sulphuric acid, either concentrated 
or a little diluted, and, at a moderate temperature, the compound 
forms elongated four-sided prisms. These crystals, and even the 
liquid in which they are formed, give nitrous gas when brought 
into contact with water. A similar solid is obtained by passing 
nitrous acid vapour into sulphuric acid; and it appears, also, to be 
identical with the crystalline solid formed by Clement and Des- 
ormesby the mixture of oxygen gas, sulphurous acid, nitrous gas, 

* Ann. de Chim. et Phys. i. 409. f Ibid. i. 400. 

$ Thomson's Annals, vpl. ix. $ Dalton, Thomson's Annals, x. 83. 
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and the vapour of water. The ltfst-mentioned compound had 
been supposed to consist of nitrous gas and sulphuric acid; but 
sufficient reasons have been given by Gay Lussac for the new view 
of it, which has just been stated. 



SECTION VI. 

Nitrates. * 
Art. 1. — Nitrate of Potash. 

I. A direct synthetic proof of the composition of this salt may 
be obtained by saturating nitric acid with potash, either pure or in 
a carbonated state. The solution, on evaporation, yields crystals 
of nitrate of potash, or nitre. 

For the purposes of experiment, however, the nitrate of potash, 
which may be met with in. the shops, and which is an abundant 
product of nature, may be employed on account of its greater 
cheapness. The nitre, which is met with as an article of com- 
merce, is brought to this country, chiefly from the East Indies. 
When it arrives it is a very impure salt, containing, besides other 
substances, a considerable proportion of muriate of soda. In this 
state it is called rough nitre. For the purposes of chemistry, it 
requires to be purified by solution in water and re-crystaliizationj 
and it then obtains the name of refined nitre, or refined saltpetre. 

II. This salt has the following properties: 

(a) It crystallizes in prismatic octahedrons, generally consti- 
tuting six-sided prisms, terminated by two-sided summits. It con- 
tains, according to Berzelius, no water of crystallization. Thenard 
has determined that it consists of 

49.5 potash 
50.5 nitric acid. 

But as potash itself, in the driest form under.which we can pro- 
cure it, still contains water, Berthollet has given the following pro- 
portions as those of nitrate of potash: , 

50.1 potash 
49.9 acid 

100.* 

These proportions are nearly reversed by Berard, who makes it 
consist of 48.64 base and 51.3£ acid.f The proportions, deduced 
by Dr. Wollaston, are 46.67 base to 53.33 acid: and those by Dr.. 
Ure 47 base and 53 acid. 

* 

* Mem. d'Arcueil, iii. 170. \ 71 Ann. de Chim. *6SL. * 
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(6) For solution, it requires 3even times its weight of water at 
60° of Fahrenheit; and boiling water takes up its own weight. This 
is the. degree of solubility assigned by Bergman; but La Grange 
asserts, that, at the ordinary temperature, nitrate of potash requires 
only three or four times its weight of water for solution; and half 
its weight of boiling water.* 

(c) By the application of a moderate heat it fuses, and being 
east in moulds, forms what is called Sal Prunelle. After fusion, 
Sir H. Davy found that it still yielded water, when distilled wit^ 
boracic acid. 

(d) If a red-heat be applied, nitrate of potash is decomposed in 
consequence of the destruction of its acid. By distilling it in an 
earthen retort, or in a gun-barrel, oxygen gas may be obtained in 
great abundance, one pound of nitre yielding about 12,000 cubic 
inches, of sufficient purity for common experiments, but not for 
purposes of accuracy. 

(<?) Nitrate of potash, that has been made red-hot, seems to con- 
tain an aqid less oxygenated than the common nitric acid* and 
having a weaker affinity for alkalies. For if acetic acid be poured 
on nitre that has been thus treated, the nitrous acid is expelled in 
red fumes, whereas common nitre is not at*all affected by acetic 
acid. 

(/) Nitrate of potash is rapidly decomposed by charcoal in a 
high temperature. This may be shown, by mixing two parts of 
powdered nitre with one of powdered charcoal, and setting fire to 
the mixture in an iron vessel under a chimney. The products of 
this combustion, which may be collected by a proper apparatus, are 
carbonic acid and nitrogen gases. Part of the carbonic acid also 
remains attached to the residuary alkali, and may be obtained from 
it on adding a stronger acid. 

This residue was termed, by the old chemists, clyisu9 of nitre. 

(g) Nitrate of potash is also decomposed by sulphur, and with 
different results according to the temperature and proportions em- 
ployed. 

1. Mix powdered nitre and sulphur, and throw the mixture, by 
a little at a time) into a red-hot crucible. The sulphur will unite 
with the oxygen of the nitric acid, and form sulphuric acid; which, 
combining with the potash, will afford sulphate of potash. The 
production of the latter salt will be proved by dissolving the mass 
remaining in the crucible and crystallising it, when a salt will be 
obtained exhibiting the characters described, chap. xii. sect. 4. 

2. Mix a portion of sulphur with one sixth or one eighth its 
weight of nitrate of potash; put the mixture into a tin cup, and raise 
it, by a proper stand (fig. 2$,) a few inches above the surface of wa- 
ter, contained in a flat shallow dish. Set fire to the mixture, and 
cover it with a bell-shaped receiver. In this case, also, sulphuric 
acid will be formed; but it will not combine, as before, with tire 

* Manuel, 1st edition, i. 243. 
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alkali of the nitre, which alkali is present in sufficient quantity to 
absorb only a part of the ,acid produced. The greater part of the 
acid will be condensed on the inner surface of the glass bell, and 
by the water, which will thus become intensely acid. The opera- 
tion may be repeated three or four times, using the same portion 
of water. When the water is partly expelled, by evaporation in a 
glass dish, concentrated sulphuric acid remains, which has been 
formed by the union of the oxygen of the nitre, and that of the at- 
mospherical air, with the sulphur submitted to experiment. By a 
a process of this kind, conducted on a large scale, and in extensive 
leaden chambers, the sulphuric acid of commerce is prepared. The 
dilute acid, resulting from the union of the condensed vapour of 
the> burning materials, with the stratum of water at the bottom of 
the chamber, is first boiled down in part in shallow leaden vessels, 
and is then transferred into glass retorts, where it is farther con- 
centrated by the continued application of heat. 

In a memoir of Clement and Desormes, published in Nicholson's 
Journal, xvii. 41, it is proved, that the nitre does not furnish above 
one tenth part of the oxygen, required for the conversion of sul- 
phur into sulphuric acid, and that the rest of the oxygen is derived 
from the atmospherical air of the chamber. Sulphurous acid, they 
suppose, is in the first instance formed by the combustion of the 
sulphur; and, at the same moment, nitrous gas is evolved from the 
de-oxygenation of the nitric acid contained in the saltpetre. This 
nitrous gas, uniting with the atmospheric oxygen, composes ni~ 
tram acid gas, which, when water is present, has the property of 
converting sulphurous into sulphuric acid, and of returning, at the 
same time, to the state of nitrous gas. The same process is repeat- 
ed, and thus the same portion of nitrous gas acts repeatedly as an 
intermedium between the sulphur, previously changed into sul- 
phurous acid, and the atmospheric oxygen. 

(A) A mixture of three parts of powdered nitre,-two of carbo- 
nate of potash, or common salt of tartar, and one part of sulphur, 
all accurately mixed together, forms the fulminating fioxvder y which 
explodes with a loud noise, when laicl on an iron heated below red- 
ness. 

(*') A mixture of five parts of powdered nitre, one part of sul- 
phur, and one of powdered charcoal, composes gunpowder. The 
materials are first very finely powdered separately, then mixed up 
together, and beaten with a wooden pestle, a sufficient quantity of 
water being added to prevent an explosion. The mixture is after- 
ward granulated, by passing through sieves, and dried- very cau- 
tiously.* 

Process for firefiaring Nitric Acid. 

Nitrate of potash is decomposed by sulphuric acid, which com- 
bines with the potash, and expels the nitric acid. Put into a glass 

* On the preparation of gunpowder, and the theory of its detonation, con* 
suit Nicholson's Journal, xxiii. 277. 
Vol. I.— S s 
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retort, which may be either tubulated or not, four parts of nitrate 
of potash, reduced to a coarse powder, and pour upon it three 
parts of concentrated sulphuric acid. Apply a tubulated receiver, 
of large capacity, between which,, and the retort, an adopter may- 
be interposed; these junctures being luted with a mixture of pipe- 
clay, sifted sand, and cut tow or flax. To the tubulure of the re- 
ceiver, a glass tube may be fixed by means of the fat lute, and may 
terminate in another large receiver, containing a small quantity of 
water. 

If the operator wishes to collect the gaseous products also, this 
second receiver should be provided with a tubuiure, to which a 
bent pipe may be luted, terminating under one of the inverted fun- 
nels in the shelf of the pneumatic trough. Apply heat to the re- 
tort, through the intervention of a sand-bath. The first product 
that passes into the receiver, is generally of a red colour, and of a 
smoking quality. These appearances gradually diminish; and if 
the materials used were clean, the acid will come over pale, and 
even colourless. Afterwards it gradually re-assumes a red colour, 
and smoking property; which appearances go on increasing till 
the end of the operation; and the whole product, mingled together, 
has either a yellow or an orange colour, according to the tempera- 
ture employed. 

The proportions recommended in the new London Pharmaco- 
poeia for the preparation of nitric acid are two pounds of nitrate of 
potash, deprived by heat of its water of crystallization, and two 
, pounds of sulphuric acid. These are directed to be mixed in a 
glass retort, and distilled in a sand-bath, until a red vapour arises. 
The acid in the receiver is to be mixed with an ounce of nitrate of 
potash, and again distilled in a similar manner. After the second 
distillation its specific gravity is 1.500; and one fluid-ounce, Mr. 
Phillips finds, decomposes 476 grains of marble. But he objects to 
the proportion of sulphuric acid,- in the process of the College, as 
unnecessarily large. If, however, it be required to decompose the 
whole of any portion of nitre, it is necessary to use* as much sul- 
phuric acid, as will form, with the alkali of the nitre, sttfier sul/ihate 
of potash, viz. 97 parts ot acid, of density 1.85, to 100 parts of nitre. 

The nitric acid which first passes aver, has the greatest specific 
gravity. In an experiment of Dr. Perceval of Dublin, the product 
was taken in three portions; the first of which had the specific gra- 
vity of 1.494, the second of 1.485, and the third of 1.442.* Gay 
Lussac, by two successive distillations' of nitrk acid of specific 
gravity 1.3 from four times its weight of sulphuric acid, brought 
it to the density of 1.610. In this state, he found it to be decom- 
posed by heat or light with extraordinary facility *t 

In the large way, and for purposes of the arts, it is usual to sub- 
stitute earthen or cast iron retorts>made extremely thick* for those 
of glass. An earthen head is adapted, and this is connected with • 



* 



Trans, of the Irish Academy, iv. 37. f Ann. de Chim. et Phys. vol. i« 
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a range of proper condensors. The strength of the acid is varied 
also, by putting more or less water into the receiver. What is 
called double aqua fortis varies in its specific gravity from 1.3 
to 1.4. 

Nitric acid, obtained by this process, is never perfectly pure. 
It contains, generally, both sulphuric and muriatic acids; the for- 
mer of which is indicated by a white precipitate, on adding a solu- 
tion of nitrate of barytes to a little of the acid, diluted with 8 or 10 
parts of water; and the latter, by a milkiness produced by nitrate of 
silver. The sulphuric acid may be separated, either by a second 
distillation from a portion of very pure nitre, equal in weight to 
one eighth of that originally employed, or by adding nitrate of 
barytes; allowing the precipitate to settle; decanting the clear 
liquid, and distilling it. Muriatic acid is separated by the addition 
of nitrate of silver, An immediate milkiness ensues, and fresh 
additions must be made to nitrate of silver, as long as it occasions 
this appearance. Then allow the precipitate to subside; decant 
the clear liquid, and re-distil it; leaving one eighth or one tenth 
in the retort. The product will be pure nitric acid. Nitrate of 
lead may be substituted for nitrate of silver.* The nitric acid may 
also be obtained free from muriatic acid, if a perfectly pure nitrate 
of potash be employed for distillation. This purification is effect- 
ed by repeated solutions of the' nitre, in boiling distilled water, 
and re-crystallizations. 

Nitric acid obtained in this manner is deficient also in another 
respect, for it is not perfectly oxygenated, but holds in solution a 
considerable quantity of nitrous acid. To expel the latter, put 
the acid into a retort, to which a receiver is applied, the two vessels 
not being luted, but joined merely by paper. Apply a very gentle 
heat for several hours to the retort, changing the receiver as soon 
as it becomes filled with red vapours. The nitrous gas will thus 
be expelled, and the acid will remain in the retort in a state of 
purity, and as limpid and colourless as water. It must be kept in 
a bottle secluded from the light. 

One hundred parts of nitrate of potash, according to La Grange, 
yield by this process 43 of acid, or, according to my experience, 
above 50; but, if the process of the College be followed, 100 of 
fused nitre afford about 66 j of acid. Even this, however, is not the 
whole of what was contained in the salt; for a part is decomposed 
by the temperature necessary to the operation. Accordingly, a 
large quantity of oxygen gas is disengaged during the distillation, 
and may be collected by an obvious addition to the apparatus. 

In the retort, there remains a compound of potash with more 
sulphuric acid than is essential to its saturation, or a super-sulphate 
of potash. On submitting this to a pretty strong heat, the excess 
of sulphuric acid is expelled; and the residue, dissolved and eva- 
porated, affords crystallized sulphate of potash. 

*See Nicholson's Journal, xi. 134. 
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Art. 2.— Nitrate of Soda. 

I. This salt may be formed, by saturating carbonate of soda 
'with nitric acid; or by distilling common salt with three fourths of 
its weight of nitric acid. When the former process is adopted, 
the solution must be evaporated, till a pellicle appears on its sur- 
face, andthen allowed to cool. Crystals will be produced, having 
the shape of rhomboids, or rhomboidal prisms. 

II. These crystals have a taste like that of saltpetre, but more 
intense. They are soluble in three parts of water at 60°, and in 
less than an equal weight of boiling water. They attract moisture 
from the atmosphere.. In other respects, in the means by which 
their decomposition is effected and its results, they agree with the 
nitrate of potash. The only use of nitrate of soda is, perhaps, that 
which has been suggested by Proust, who has found it to be more 
economical in the making of fire-works than nitrate of potash.* 
It consists, according to Dalton, of 

57.6 acid 
42.4 base 



100-. 



Art. 3.— Nitrate of Ammonia. 

I. 'The most simple mode of preparing this salt is by adding 
carbonate of ammonia to dilute nitric acid, till saturation has taken 
place. If the liquor be evaporated, by a heat between 70° and 
100°, to a certain extent, it shoots, on cooling, into crystals, having 
the shape of six-sided prisms, terminated by long six-sided pyra- 
mids. Evaporated at a temperature of 212°, it yields, on cooling, 
thin fibrous crystals; and when the evaporation is carried so far, 
that the salt immediately concretes on a glass rod by cooling, it 
then forms a compact and shapeless mass. 

II. The solubility of this salt varies, according to the tempera- 
ture in which it has been formed. When in crystals, it requires 
twice its weight of water, for solution, or half its weight of boiling 
water. It deliquiates, in all its forms, when exposed to the atmos- 
phere. 

III. The most important property of this salt is the one which 
has been already described, viz. of yielding, when decomposed by 
heat, the nitrous oxide. One pound of the compact kind gives, by 
careful decomposition, nearly five cubic feet of gas, or rather more 
than 34 doses; so that the expense, estimating the salt at 5s. lOrf. 
the pound, is about 2d. for each dose. 

IV. In a temperature of 600° this salt explodes, and is entirely- 
decomposed. Hence it was formerly called nitrumjlammans. 

* Nicholson's Journal, xv. 262. See also 6 Ann. de Chim. et Phys. 206. 
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V. Its composition varies according to the mode of its prepara- 
tion, and is stated by Sir H. Davy as follows: 

Prismatic. Fibrous. Compact. 

69.5 . • . 72.5 . . . 74.5 acid 

18.4 .. . 19.3 . . . 19.8 ammonia 

12.1 .. . 8.2 .. • 5,7 water 



100. 100. 100. 

The prismatic variety is stated by Berzelius,* who investigated 
very carefully the results of its decomposition, to consist of 

67.625 acid- 
21.143 base 
. 11.232 water 



100. 



Art. 4. — Nitrate qf Barytes. 

Nitrate of barytes may be prepared, by dissolving either the ar- 
tificial or native carbonate in nitric acid, diluted with eight or ten 
parts of water. If the artificial carbonate be employed, it should 
be previously well washed with distilled water, till the washings 
cease to precipitate nitrate of silver. A solution of nitrate of 
barytes, mixed with one of silver, should continue perfectly trans* 
parent. On evaporation, it yields regular octahedrons, often ad- 
hering to each other in the form of stars; and sometimes it is ob- 
tained in small brilliant plates. It requires for solution 12 times 
its weight of water at 60°, and three or four parts of boiling water. 
It is not altered by exposure to the air. In a red heat its acid is 
decomposed, and the earth remains pure. This furnishes another 
method of procuring pure barytes; but the heat must not be car- 
ried too far, otherwise the barytes is apt to vitrify with the cruci- 
ble. The residue, on the addition of water, dissolves with great 
heat and noise,-and the solution, on cooling, yields crystals of pure 
barytes. 

Nitrate of barytes is composed, in 100 parts, according to Cle- 
ment and Desormes, of 60 base, and 40 acid and water. Mr. James 
Thomson states its composition to be 

59.3 barytes 

40.7 acid and water. 

This scarcely differs from the determination of Berzelius, viz. 
58.46 base + 41.54 acid, and no water. 

* 

* 80 Ann. de Chim. 182. 
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Art. 5.—JV?trate of Strontites. 

This salt may be obtained in the same manner as the nitrate of 
barytes, with which it agrees in most properties. The solubility 
of its crystals, however, differs considerably; for they are dissolved 
by their own weight of water at 60°, or by little more than half 
their weight of boiling water. When applied to the wick of a can- 
dle, or added to boiling alcohol, they communicate to the flame a 
deep blood-red colour. They are decomposed by a high tempera- 
ture, and afford pure strontitic earth. Exclusive of water, the salt 
consists, according to Richter, of 51.4 acid + 48.6 base; or, ac- 
cording to Stromeyer, of 50.62 acid + 49.38 base. 



Art. 6.— Nitrate of Lime. 

This salt is found abundantly in the cement of old buildings, 
which have been long inhabited. To prepare it artificially, nitric 
acid, diluted with five or six parts of water, may be saturated with 
carbonate of lime, 63 parts of which are decomposed by 90.23 of 
nitric acid of density 1.5, and give 103.05 of dry nitrate of lime.* 
When this solution is boiled down to the consistence of syrup, and 
exposed in a cool place, long prismatic crystals are formed, resem- 
bling, in their disposition, bundles of needles diverging from a 
common centre. These crystals are readily soluble in water, of 
which, at 60°, they require two parts, and boiling water dissolves 
an equal weight. They deliquiate speedily, when exposed to the 
air; and are decomposed at the temperature of ignition. Exclusive 
of water, it contains, 

Acid. Base. 

According to Dalton 61.3 38.7 

Phillips 65.6 34.4 

When a solution of nitrate of lime is evaporated to dryness in 
an earthen vessel, then fused for five or ten minutes in a crucible, 
and poured, while in fusion, into an iron pot previously heated, 
the congealed mass forms Baldwin's phosphorus. It must be 
broken into pieces, and preserved in a well-stopped phial. These 
pieces, after having been exposed to the sun for a few hours, emit 
in the dark a beautiful white light, affording one variety of solar 
phosphorus. 



Art. 7.— Nitrate of Magnesia. 

This compound may be prepared, by dissolving carbonate of 
magnesia in diluted nitric acid. The solution, when evaporated, 
yields crystals in the shape of prisms, with four oblique faces 
truncated at their summits. Most commonly, however, it forms a 
shapeless mass, consisting of an immense number of small needle-' 

♦Phillips, Journal of Science, v. 167. 
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shaped crystals, crossing each other irregularly. These crystals 
deliquiate in the air, and are soluble in half their weight of water. 
When exposed to the heat of ignition, they fuse; a few bubbles of 
oxygen gas first escape; and the nitric acid then passes undecom- 
posed. The salt contains, exclusive of water, according to Dalton, 
69 acid + 31 base. 

Art. 8. — Nitrate of Alumine, 

This salt is but little known. It may be formed by the solution 
of fresh precipitated alumine, which has been well washed with 
distilled water, but not dried in diluted nitric acid, with the as- 
sistance of heat. The solution, which has always an excess of 
acid, after evaporation, crystallizes in thin ductile plates. The 
crystals are extremely soluble; and, on the application of a high 
temperature, abandon their acid. They are decomposed by most 
alkalies and earths. Pure potash,~added in excess, re-dissolves the 
precipitate. 

Art. 9.— Nitrate of Glucine. 

The nitrate of glucine is a sweet tasted salt, which cannot be 
brought to crystallize. When evaporated to dryness, it rapidly 
absorbs moisture from the atmosphere. It is soluble in alcohol. 
A high temperature decomposes it, without effecting its previous 
fusion. 



Art. 10.— Nitrate of Zircon 

The nitric acid dissolves, but cannot be saturated with, fresh 
precipitated zircon. The solution has always an excess of acid. 
When evaporated, it forms a yellowish transparent mass, extreme- 
ly tenacious and viscid, and difficultly dried. It has a styptic as- 
tringent taste, and leaves on the tongue a thick substance, in con- 
sequence of its partial decomposition by the saliva. This dry 
nitrate is extremely soluble. The solution is decomposed by sul- 
phuric acid, and by carbonate of ammonia, which throw down a. 
precipitate soluble in an excess of the acid, or of the carbonate. 
Tincture of galls forms a white precipitate, which is soluble is an 
excess of the tincture. 

» Art. 11.— Nitrate of Yttria 

May be prepared by dissolving yttria in nitric acid. The solu- 
tion has a sweetish astringent taste; and, in most properties re- 
sembles nitrate of glucine. It can scarcely be obtained in crystals; 
and if too great a heat be applied during evaporation, the salt be- 
comes soft, assumes the appearance of honey, and concretes on 
cooling, into a hard stony mass. Exposed to the air, it attracts 
moisture, and is resolved into a liquid. 
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SECTION VII. 

Nitrites. 

The easiest mode of obtaining the salts, which by some have been 
considered as nitrites, is to deprive the acid, contained in the ni- 
trates, of part of its oxygen, by exposure for a short time to the tem- 
perature of ignition. This method, it must be obvious, cannot be 
used with those nitrates that abandon their acid on the application of 
heat, or which, like nitrate of ammonia, are completely decomposed. 

Nitrate of potash, after ignition in a crucible, emits, when pow- 
dered, a smell of nitrous gas. When diluted nitric acid, or even ace- 
tic acid, is poured upon it, vapours of nitrous acid are disengaged; 
and hence it appears, that the affinity of this, acid for its base is wea- 
kened bv partial dis*oxygenation; for no such effect arises on adding 
these acids to the nitrate. The solution of the salt in water changes 
the syrup of violets to green. Its other properties are little known. 

It has, however, been already stated in the section on nitrous acid, 
that the existence of such a class of salts as the nitrites is extremely 
questionable. . 



CHAPTER XIV. 

MURTATie ACID— OXYMURIATIC ACID OB. CHLORINE— AND THEIR 

COMPOUNDS. 

THERE are few subjects, respecting which the opinions of che* 
mists have undergone such frequent changes, as concerning the na- 
ture of chlorine. . The view originally taken by Scheele, the illustri- 
ous discoverer of this substance, was, that the muriatic acid is a com- 
pound of a certain base and an imaginary principle called phlogiston: 
and that by the action of certain bodies, it becomes dephtogisticated, 
or deprived of that supposed principle of inflammability.* It was 
afterwards found, however, that all bodies, which are capable of pro- 
ducing this change in muriatic acid, contain oxygen, and that their 
proportion of oxygen is diminished by the process. It appeared, 
therefore, to be an obvious c6nclusion, that what takes place in the 
action of metallic oxides on muriatic acid is simply the transference 
of oxygen from the oxide to the muriatic acid; and conformably with 
this theory, the resulting gas received the name of oonf^muriatic acid. 
Sir H. Davy was led, by his earlier experiments, to modify, in some 
degree, this view of the theory of the operation; and to consider the 
muriatic acid as a compound of a certain basis with water, and the 

* On Manganese, § xxiii. xxiv. 
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oxy-muriatic as a compound of the same basis with oxygen. This 
modification was rendered necessary by the fact, that when a metal- 
lic oxide is heated in muriatic acid gas, oxy muriatic acid is obtained, 
and water appears in a separate state; it was evident, therefore, that 
muriatic acid gas must either* contain water ready formed; or the ele- 
ments of water; or hydrogen, capable of composing water with the 
oxygen of the oxide. But, at a subsequent period, that distinguished 
philosopher was induced, by the experiments of Gay Lussac and 
Thenard, as well as by his own, to form a different theory on the 
subject Oxy-muriatic acid, he now considers as a simple or unde- 
compounded substance; and muriatic acid, as a compound of that 
simple substance with hydrogen. To convert the muriatic acid into 
chlorine, we have only, according to this view, to abstract hydrogen 
from the muriatic acid; and this, it is supposed, is all that is effected 
by the action of those oxides, which are adapted to the purpose. 
Again, to convert chlorine into muriatic acid, we have only to sup- 
ply it with hydrogen; and accordingly the simple mixture of one 
measure of each of those gases, when exposed for a short time to the 
sun's rays, or exploded by an electric spark, affords two measures of 
muriatic acid gas. 

The oxy-muriatic acid or chlorine (as Sir H. Davy proposes to call 
it, in order to avoid all connection of its name with hypothetical 
views) is supposed, also, to unite at once with the metals, without 
requiring, like the sulphuric or nitric acid, that the metals should 
first be in the state of oxides. In proof of this theory, it appears to 
be sufficiently established, that no oxygen can be obtained either 
alone, or in combination with combustible bodies added for the pur- 
pose, from the compounds of. chlorine and metals. The analyses, 
however, of the metallic muriates, as they were formerly considered, 
remain unimpeached by this change of theory. All mat is neces- 
sary, to transmute in idea a muriate into a compound of chlorine, is 
to deduct the oxygen from the metallic oxide; and, adding it to the 
muriatic acid, to consider the sum as chlorine. For example, muri- 
ate of soda, deprived of all water, consists 

On the old theory, of muriatic acid ... 46 
Soda composed of .. Jgjjg ; ; «jJJ 54 

100 



On the new theory it consists of 

Sodium 40.5 

Chlorine, 46+13.5= 59.5 

100. 

It is remarkable that there is hardly any fact, connected with the 
chemical history of chlorine and muriatic acid, that does not admit of 
being equally well explained upon the hypothesis that chlorine is a 
Vol. L— Tt 
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compound, as upon that of its being a simple substance. On the 
whole, however, the probabilities certainly appear to me very much 
in favour of the new, or rather the revived opinion of its elementary 
nature; especially since the discovery of iodine. But there are still 
objections to its implicit adoption, which this is not the proper occa- 
sion to state. 1 shall only observe, that not the least important of 
these objections is, the instantaneous conversion, which the theory of 
chlorine supposes, of the metallic combinations of that body into mu- 
riates, when they are dissolved in water, the oxygen of which is ima- 
gined to pass, in a moment, to the metal, while the hydrogen is at- 
tracted by the chlorine. In the present state of the inquiry, indeed, 
we stand in need of some fact, which will admit of explanation only 
on one of the opposed theories; and shall serve the purpose of an ea>- 
perimentum cruris. 



SECTION I. 

Compound of Chlorine with Hydrogen. 

Chlorine unites with hydrogen either silently or with detonation, 
accordingly as the experiment is conducted. 

1. Let a phial, provided with a well-ground stopper, be completely 
filled -with a mixture of hydrogen and chlorine gases in exactly equal 
bulks. Put the stopper into its place, and keep the bottle, twenty- 
four hours, inverted with its mouth under water. On withdrawing 
the stopper under water, nearly the whole of the gas will have disap- 
peared: and the remainder will be absorbed by the contact of the 
water. 

2. Mingle, in the detonating tube (fig. 28 or 29,) equal volumes of 
hydrogen and chlorine gases. When an electric spark is passed 
through the mixture, a detonation will ensue, and nearly the whole 
will be absorbed. But if the gases have been carefully dried by ex- 
posure to solid muriate of lime, their volume, after firing, will not be 
at all condensed, and muriatic acid gas, precisely equal to their joint 
bulk, will be obtained. By weight, one part of hydrogen gas re- 
quires 33.5 of chlorine gas for saturation, and 34.5 of muriatic acid 
gas are produced. 

The result of this experiment may either be explained, by admit- 
ting the direct combination of hydrogen and chlorine to constitute 
muriatic acid; or by supposing that the hydrogen unites with the oxy- 
gen of the oxy-muriatic acid, and that the water, thus formed, exists 
as an element of muriatic acid gas. In this instance, the theory of 
chlorine has certainly the advantage in point of simplicity. 

If the weight of the atom of chlorine be determined from its union 
with hydrogen, it will be expressed by 33.5; and 33.5 of chlorine will 
be the equivalent to 7J5 of oxygen. When oxygen is made the deci- 
mal unit, as by Dr. Wollaston, the weight of the atom of chlorine 
will be expressed by 44.1, or in round numbers by 44. On the sup- 
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position that the oxy-muriatic acid is a compound of muriatic acid and 
oxygen, it must be constituted as follows : 

Oxygen . . . 22.65 . . 100. . . 29.28 
Muriatic acid . 77.35 . . 341.5 . . 100. 



100. 441.5 129.28 

This would indicate the weight of the atom of muriatic acid to be 
nearly 26; and adding an atom of oxygen, the compound atom of 
oxy-muriatic acid would still weigh 33.5. 

A remarkable fact, respecting the mutual action of oxy-muriatic 
acid and hydrogen gases, was discovered by Gay Lussac, and, with- 
out any knowledge of his experiments, by Mr. Dalton. A mixture of 
the two gases, in equal volumes, is slowly condensed under ordinary 
circumstances; but if the direct rays of the sun happen to fall on 
the mixture, the two gases diminish with considerable rapidity; and, 
if the quantity be large, they even explode. This is a striking in- 
stance of the agency of light in promoting chemical union. Blue light 
is more effective in producing the condensation than red, but neither 
occasions the rapid combustion, which is excited by the direct rays of 
the sun.* It is probable, that in this case, the combination is fa- 
voured by increase of temperature, which was ascertained by Sir H. 
Davy to augment the cpmbustibility of mixtures of oxygen and hydro- 
. gen gases. According to Grotthus, a mixture of chlorine and hydro- 
gen ceases to explode by electricity when rarefied six times, but Sir 
H. Davy found it to be still explosive when rarefied no less than 24 
times. 

Muriatic Acid Gas and its Solution in Water. 

I. The muriatic acid, in its purest form, exists in the state of a gas, 
which is permanent over mercury only. For exhibiting its properties, 
therefore, a mercurial apparatus is absolutely necessary. 

To obtain muriatic acid gas by a more easy method than the direct 
union of chlorine and hydrogen gases, let the tubulated gas bottle 
(plate ii. fig. 17) be about one-fourth, or one-third, filled with well 
dried muriate of soda (common salt) in lumps, not in powder. To 
this adapt the acid-holder, filled with concentrated sulphuric acid; . 
and let the aperture of the bent pipe terminate under a jar filled with, 
and inverted in, quicksilver. Open the communication between the 
acid and the salt, by turning the cock; and immediately on the con- 
tact of these two bodies, an immense quantity of muriatic acid gas 
will be disengaged. A common or tubulated gas bottle, or tubulated 
retort, will answer sufficiently well for procuring the gas. The first 
portions, that come over, maybe allowed to escape under a chimney; 
because they are contaminated by the admixture of common air 
present in the bottle. The subsequent portions may be preserved for 
use; and the pure gas will exhibit the following qualities : 

* Seebeck, 34 Nicholson's Journal, p. 220. 
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(a) It has a very pungent smell ; and is sufficiently caustic to blis- 
ter the skin, when applied to it for some time. 

(b) When brought into contact with common air, it occasions a 
white cloud. This is owing to its union with aqueous vapour, which 
is always present in the atmosphere. 

(c) ft extinguishes a lighted candle. Before the flame goes out, 
the upper part of it assumes a greenish hue, the cause of which has not 
yet been explained. A white vapour also surrounds the extinguished 
wick, owing to the combination of water, produced by the combustion 
of the candle, with the muriatic acid gas. 

(d) It is heavier than common air. Gay Lussac states its specific 
gravity at 1.278, and hence 100 cubic inches weigh, as nearly as pos- 
sible, 39 grains ; according to Sir H. Davy, between 39 and 40. * Biot 
and Arago make its specific gravity, by experiment, 1.2474, or, by 
calculation, 1.2505. 

(c) It effects the liquefaction of a piece of ice, almost as rapidly as 
it would be melted by a red-hot iron. 

(/) It is very rapidly absorbed by water. A drop or two of water, 
admitted to a large jar full of this gas, causes the whole of it instantly 
to disappear. According to Mr. Kirwan, an ounce-measure troy of 
water absorbs 800 cubical inches (i. e. 421 times its bulk) of muriatic 
acid gjas; and the water, by this absorption, is increased about one- 
third its original volume. t)r. Thomson's experiments indicate a still 
larger absorption, viz. 515 cubical inches, or 308 grains by one cubic 
incn, equal to 252 grains, of water, at 60° Fahrenheit; the barometer 
standing at 29.4. Berthollet has shown that 100 grains of water ab- 
sorb 12.467 grains of muriatic acid gas deprived of all redundant 
water by passing it through a tube surrounded by a freezing mixture. 
By this absorption, we obtain an acid of the specific gravity 1061.4; 
and hence it follows that acid of this density contains, in 100 grains, 
only 8.55 of real acid. 

(g) When potassium is introduced into muriatic acid gas, dried 
by contact with fused muriate of lime, it immediately becomes covered 
with a white crust; it heats spontaneously; and, by the assistance of 
a lamp, acquires, in some parts, the temperature ot ignition, but does 
not inflame. If the potassium and the gas be in proper proportions, 
they both entirely disappear; a white salt is formed, and a quantity 
of pure hydrogen gas is evolved, which is equal to rather more than 
one-third the original volume of the acid gas. Eight grains of potas- 
sium, in an experiment of Sir H. Davy, effected the absorption of 
nearly twenty-two cubic inches of muriatic acid gas; and the quan- 
tity of hydrogen gas produced amounted to more than eight cubical 
inches. It is remarkable that potassium, by its action on muriatic 
acid gas, separates exactly the same quantity of hydrogen, as would 
result from its agency on water. This has been considered as a 
proof, that the evolved hydrogen has its origin from water, which the 
gas is supposed to hold in combination. But the phenomena are 
equally well explained by admitting, that muriatic acid is decomposed 
by the potassium, which seizes the chlorine, and sets the hydrogen at 
liberty. And on the corpuscular theory of Mr. Dalton, whether po- 
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tassium act on water or on muriatic acid, in each case an atom of hy- 
drogen will be disengaged; since the metal must attract to itself 
either an atom of oxygen or of chlorine. 

Various expedients were tried, by Sir H. Davy, to obtain muriatic 
gas from perfectly dry materials, with the view to determine, whether 
potassium is capable of detaching hydrogen from gas so prepared. 
But it was found that materials, which when moist are capable of af- 
fording muriatic acid, yield no gas whatsoever, when in a perfectly 
dry state. None, for example, could be obtained by strongly heating, 
a mixture of dry phosphoric or boracic acid with dry muriate of lime* 
This fact would appear, on first view, favourable to the opinion, that 
water is essential to the constitution of muriatic acid gas. But it is* 
equally consistent with the theory of chlorine; for, according to that 
theory, no compound of chlorine and a metallic base can yield muria- 
tic acid, till hydrogen is supplied with which the chlorine may unite* 
If muriatic acid gas contained water as an essential element, it might 
be expected that water should be separated by the action of certain 
metals on the gas itself, or on muriate of ammonia; and though expe- 
riments in proof of this have been advanced by Dr. Murray and Dr. 
Ure,* yet, on repeating those experiments, sources of fallacy have 
been discovered by Sir H. Davy, which had escape^ their authors ; 
and the moisture has been traced to the union of oxygen derived 
from unsuspected sources with the hydrogen of the muriatic acid.t 

(h) When muriatic acid gas is electrified in contact only withglass, 
by means of an apparatus which I have described in the Phil. Trans, 
for 1812, chlorine and hydrogen gases are found, after the experi- 
ment, in quantity never exceeding l-35th the original bulk oi the 
gas. This result may either be explained by supposing that the water 
of muriatic acid gas is decomposed, and that the oxygen unites with 
the acid, while the hydrogen is liberated ; or it may be accounted for 
on the new theory, which requires nothing more than the separation 
of the chlorine and hvdrogen, constituting muriatic acid, by the agency 
of the electric fluid. They cannot, however, exist together in a 
greater proportion than l-35th' to the whole mixture, without re- 
uniting and reforming muriatic acid. When the experiment is made 
over mercury, the chlorine combines with that metal, and a mixture 
of muriatic acid and hydrogen gases remains, from which water ab- 
sorbs the former, leaving the hydrogen pure* 

(i) When muriatic acid gas and oxygen gases are electrified to- 
gether, oxy-muriatic acid is formed, directly, as the old theory would 
explain, by the union of the acid with oxygen; or, as the theory of 
chlorine teaches, the oxygen unites with the hydrogen of muriatic 
acid gas, and merely liberates chlorine. 

(k) Muriatic acifi gas and nitrous acid have 1 no action on each 
other, and are incapable of forming aqua regia. But when colourless 
nitric acid and muriatic gas dissolvea by water are brought into con- 
tact, the hydrogen of the muriatic acid, according; to Sir H. Davy, de- 
taches the oxygen of the nitric acid, and the chlorine of the former 

* Edin. Trans. f Phil. Trans. 1818. p. 169. 
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.acid is developed. On the old theory, this fact may be explained by 
supposing the attraction of muriatic acid insufficient to take oxygen 
from nitrous acid ; but that it has the power of attracting that quan- 
tity of oxygen which constitutes the difference between nitrous and 
nitric acids. The former view, however, it must be admitted, is the 
more simple and perspicuous. 

(I) When a small piece of barytes or strontites, obtained by the 
decomposition of the nitrate, and therefore free from water, is heated 
by means of a spirit lamp, in a retort filled with muriatic acid gas, the 
gas is first dilated, and is then rapidly absorbed. The barytes or 
strontites becomes red-hot, and the compound, which is produced, 
runs into fusion.* At the close of the experiment, a sensible quan- 
tity of water is condensed. This water may either have pre-existed 
in the. muriatic acid gas, or it may have been formed, by the union of 
the hydrogen of the acid, with the oxygen of the barytes or strontites 
which has been employed. Under the latter view, we are to consider 
the solid product as a compound of chlorine with barium or strontium. 

Process for preparing Liquid Muriatic Acid. 

Into a tubulated retort, placed in a sand-bath, put eight parts of 
dried muriate of soda; and, to the tubulure, lute the bent tube (fig. 
26, a) with fat lute. To the neck of the retort, affix a tubulated re- 
ceiver (fig. SO, b) by means of the same lute; and to the aperture of 
this adapt a tube, twice bent at right angles, and furnished with Wel- 
ter's contrivance for preventing absorption (fig. 31, b,) the longer leg 
of which terminates beneath the surface of water contained in a two- 
necked bottle. From the other neck, let a second right-angled pipe 
proceed ; and this may terminate in a similar manner, in a second 
Dottle containing water; the total quantity of which, in all the bottles, 
may be about five parts. Let the junctures be all carefully luted; 
and, when they are sufficiently hardened, pour very gradually through 
the bent tube five and a half parts by weight of strong sulphuric acid, 
making the additions at several distant intervals. On each affusion 
of the acid a large quantity of muriatic acid gas will be liberated, 
and will be absorbed by the water of the first bottle, till this has be- 
come saturated. It wdl then pass on to the second bottle, and be 
there absorbed. The water employed may amount to half the weight 
of the salt, and may be equally distributed between the two bottles. 
These it is better to surround with cold water, or, still preferably, 
with ice or snow ; because the condensation of the gas evolves con- 
siderable heat, which prevents the water from attaining its full im- 
pregnation. When the whole of the sulphuric acid has been added, 
and the gas no longer issues, let a fire be lighted in the furnace, be- 
neath the sand-bath, removing the bent tube a, and substituting a 
well-ground glass stopper. This will renew the production of gas; 
and the temperature must be preserved, as long as gas continues to 
be evolved. At this period it io necessary to keep the luting, which 

* Chevreul, 84 Ann. de Chim. 285. 
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connects the retort and the receiver, perfectly cool ; otherwise it will 
be apt to melt. To this juncture, indeed, I prefer the application of 
the clay and sand lute; but to apply this properly requires a little 
practice. Towards the close of the process, a dark-coloured liquid is 
condensed in the first receiver, consisting of a mixture of sulphuric 
and muriatic acids. When nothing more comes over, the operation 
may be suspended, and the liquid in the two bottles must be pre- 
served in bottles with ground stoppers. It consists of liquid muri- 
atic acid. 

The liquid muriatic acid may also be obtained by diluting the sul- 
phuric acid with the water necessary for the condensation of the gas, 
and adding the dilute acid, when cold, to the salt in the retort To 
the retort, an adopter may be luted with the clay and sand lute; and 
this may terminate in a large tubulated receiver, from the aperture 
of which a right-angled Welter's tube is conveyed beneath a few^ 
ounces of water, contained in a two-necked bottle. A fire must then 
be lighted under the sand-bath, and continued .as long as any liquor 
comes over. The adopter and receiver must be kept cool, by the 
constant application of moistened cloths. 

The proportions, directed by the London College of Physicians,.in 
their Pharmacopoeia of 1809, are those recommended by Vauquelin, 
viz. four parts of dried salt, three of sulphuric acid, and three of 
water, of which last one-third is to be employed in diluting the acid, 
and two-thirds to be put into the receiver. Mr. R. Phillips, however, 
finds that the water and acid are in unnecessary excess; and that the 
most economical proportions are 32 parts of salt, and 21.9 (say 22) of 
sulphuric acid, of density 1.850, which may be diluted with one-third 
its weight of water, the remaining two-thirds being placed, as before* 
in the receiver.* The weight of. the acid produced should equal, of a 
little exceed, that of the salt employed. 

If the muriatic acid, thus obtained, should contain sulphuric acid, 
which may be discovered by muriate of barytes occasioning a white 
precipitate, the acid is to be re-distilled from a fresh portion of muri- 
ate of soda. When prepared by Woulfe's apparatus, the product in 
the second bottle is always perfectly pure. 

The acid, formed by the process of the College, has the specific 
gravity only of about 1.142; that of commerce is generally about 
1.156; but by Woulfe's apparatus, and especially when the bottle* 
are surrounded tyy ice or snow, it approaches 1.500. A fluid ounce 
of the specific gravity 1.142 dissolves 204 grains of marble; and the 
same quantity of sp* gr. 1.174 decomposes 240 grains. The interme- 
diate degree of specific gravity, however, which has been mentioned 
(viz. 1.156 or thereabouts), is best adapted for keeping; for the den- 
ser acid emits a large quantity of fumes, which are extremely incon- 
venient and injurious to all metallic instruments. 

The caput mortuum consists of sulphate of soda with some unde- 
composed muriate of soda. The former may be obtained, in a crys- 
tallized form, by first driving off, by a strong heat, the excess of sul- 
phuric acid that adheres to it; and then dissolving in hot water. The 

* On the London Pharmacop. p. 10. 
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product of sulphate of soda exceeds that of the muriate employed in 
the proportion of about eight to five. 
Liquid muriatic acid has the following properties: 

1. It emits white suffocating fumes. These consist of muriatic 
acid gas, which becomes visible by contact with the moisture of the 
air. 

2. When heated in a retort, or gas bottle, muriatic acid gas is dis- 
engaged, and may be collected over mercury. 

3. Liquid muriatic acid is not decomposed by the contact of char- 
coal, essential oils, or other combustible bodies. 

4. When diluted with water, an elevation of temperature is pro- 
duced, much less remarkable, however, than that occasioned by dU 
luting sulphuric acid; and when the mixture has cooled to its former 
temperature, a diminution of volume is found to have ensued. The 
•capacity of the diluted acid for heat Dr. Ure has found to be less than 
the mean capacity of the strong acid and of water, which sufficiently 
accounts for the increased temperature.* 

5. In a perfectly pure state liquid muriatic acid is quite colour- 
less; but it has frequently a yellowish hue. This may proceed, either 
from a portion of chlorine, or of muriate of iron, but most commonly 
•of the latter. This colour is, instantly destroyed by a few drops of 
muriate of tin; but this addition, instead of diminishing, increases the 
impurity of the acid. 

6. Muriatic acid combines readily with alkalies, and with most of 
the earths, both in their pure and carbonated states. 

7. Liquid muriatic acid is specifically heavier than water. The 
correspondence between its specific gravity, and the quantity of real 
acid, which it contains, is shown by the following' Table, given by Sir 
H. Davy in his Elements of Chemical Philosophy. It is constructed 
from experiments made with great care by Mr. E. Davy in the Labo- 
ratory of the Royal Institution. 

* 

Table showing the Quantity of real Acid in Liquid Muriatic Acid 
of different Specific Gravities. (Temp. 45° Faht. Barom. 30.) 
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The proportion of dry or real muriatic acid, in liquid acid of differ- 
ent densities, has also been investigated by Dr. Ure, who has ascer- 
tained that acid of density 1.192 contains in 100 parts by weight 28.3 
of real muriatic acid; and has given some general formulae for de- 
ducing the proportion of real acid in liquid acid of various specific 
gravities.* The table, deduced from his experiments, will be found 
in the Appendix at the end of the second volume. 



SECTION II. 

Compound of Chlorine with Oxygen, viz. Oxides of Chlorine; 

Chloric Acid, and Per-chloric Acid. 

When chlorate or hyper-oxy muriate of potash (a salt which will 
be afterwards described) is distilled, at a gentle heat, with weak 
muriatic acid, a gas may be collected over mercury, which is found 
to differ essentially from chlorine.. Its colour has a dense tint of 
- brilliant yellow green ; and its smell resembles that of burnt sugar, 
mixed with the peculiar smell of chlorine. Water seems to take up 
eight or ten times its volume, and acquires an orange tint It has 
been called by its discoverer, Sir H. Davy, Euchloric gas, or simply 
Euchlorine. Gay Lussac has proposed for it the name of oxide of 
chlorine; but it may, with more propriety, be called Protoxide of 
Chlorine* 

Euchlorine explodes by a gentle heat, applied to the vessel which 
contains it, and five parts in volume become six, consisting of a mix- 
ture of oxygen and chlorine gases, in such proportions that euchlorine 
must be composed of two in volume of chlorine and one of oxygen, the 
latter being condensed into half its bulk, or by weight of 

Chlorine .... 81.44 .... 100. 
Oxygen ..... 18.56 . . . .. 22.79 

100. 

These proportions indicate that euchlorine is constituted of one 
atom of chlorine 33.5 + one atom of oxygen 7.5, and hence its atom 
must weigh 41. 

When detonated with twice its volume of hydrogen gas, there is a 
condensation of more than two-thirds of the mixture, and liquid 
muriatic acid is formed. 

Mercury has no action on euchlorine at common temperatures. 

Antimony and copper burn in it, if introduced previously heated. 

Sulphur and phosphorus decompose it; and charcoal already ignited 

; burns in it with a dull red light. Nitrous gas condenses it with red 

| fumes. 

i 

* Thomson's Annuls, x. 369. 
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Euchlorine destroys vegetable colours; bat it first gives the blue a 
tint of red. 

In almost all cases of vivid combustion, there is a condensation of 
the bodies which unite; but in the decomposition of euchlorine by 
heat, we have the remarkable phenomenon of an explosion, accom- 
panied with heat and light, and an expansion of the elements, which 
are separated from each other. 

Per-oxide of Chlorine^ 

Another compound of chlorine and oxygen, containing a larger 
proportion than euchlorine, of the latter element, has been discovered 
by Sir H. Davy** and has since been made the subject of a series of 
experiments by Count Stadion of Vienna.! As it exhibits no acid 
properties, it may be called per-oxide of chlorine. 

To procure it, 50 or 60 grains of the powdered chlorate or hyper- 
oxymuriate of potash, are to be mixed with a small quantity of con- 
centrated sulphuric acid. When thoroughly incorporated, a solid 
mass will result, of a bright orange colour. This is to be introduced 
into a small retort of glass, which is to be exposed to the heat ot 
water gradually warmed, but prevented from attaining the boiling 

Eoint, by an admixture of spirit of wine. Count Stadion obtained it 
y fusing a small quantity of chlorate (hyper-oxymuriate) of potash, 
in a retort Over this, when cool, he poured concentrated sulphuric 
acid, and exposed the retort to water for three hours, gradually 
raising its temperature to 212°. The gas may be received over mer- 
cury, on which it has no action at common temperatures. 

It has a lively yellow colour, much more brilliant than that of 
euchlorine; is much more rapidly absorbed by water; and has a 
peculiar aromatic smell, not mixed with any smell of chlorine. Ac- 
cording to Davy, it destroys vegetable blue colours, without first 
reddening them; but Count Stadion asserts that it does not change 
blue paper. When heated to about the temperature of 212° Faht, 
or, according to Count Stadion, to between 112° and 144°, it explodes 
with more violence, and a greater expansion of volume, than euchlo- 
rine, producing much light After explosion over mercury, from 2.7 
to 2.9 volumes appear, for every two of gas decomposed ; and, of 
these, two, as Count Stadion, also, admits, are oxygen and the rest 
chlorine. A little chlorine is absorbed, however, by the mercury, 
and it is reasonable, Sir H. Davy thinks, to conclude that the deep 
yellow gas is, in reality, composed of two in volume of oxygen, and 
one of chlorine, condensed into two volumes. If this be correct, the 
gas will consist, by weight, of one atom of chlorine 33.5, and four 
atoms of oxygen 30, and its atom will weigh 63.5. But if, as Stadion 
asserts, it gives two volumes of chlorine and three of oxygen, it should 
consist of one atom of chlorine and only three of oxygen. 
It is decomposed, at common temperatures, by no combustible 

• Phil. Trans. 1815, Part II. 
f Thomson's' Annals, ix. 22. 
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body, except phosphorus, which occasions an explosion when intro- 
duced into it, and burns, in the liberated gases, with great brilliancy. 
Its saturated solution in water, which contains seven volumes of 
gas, is of a deep yellow colour. It does not taste sour, but extremely 
astringent and corroding; and it leaves on the tongue a disagreeable 
and lasting impression. The solution may be kept in the dark un- 
changed, but when exposed to the sun's rays it is decomposed, and 
chlorine and chloric acid are obtained. 

Chloric Acid* 

A third compound of chlorine and oxygen was pointed out by Mr. 
Chenevix, some time before it was obtained in a separate form, as ex- 
isting in the class of salts called hyper-oxymuriates. For the method 
of exhibiting it in a distinct state, we are indebted to Vau^uelin* and 
Gay Lussact The following is the process: To a solution of pure 
chlorate of barytes (the mode of preparing which will be described in 
art. 4. sect. 4), add by degrees dilute sulphuric acid, as long as it oc- 
casions any precipitation. This separates the barytes, and leaves the 
chloric acid combined with water only. It is important to add no 
more sulphuric acid than is barely sufficient; for the slightest excess 
renders the chloric acid impure. If the right quantity has been used, 
the liquid obtained should remain perfectly transparent, when, taking 
two separate portions of it, we add to the one dilute sulphuric acid, 
and to the other chlorate of barytes. If either of these agents occa- 
sions a precipitate, we must add it by degrees till the effect ceases. 
The clear liquid is then to be decanted by a syphon, and reserved for 
use. It is a solution of chloric acid in water; and has the following 
properties: 

1. It is free from colour; its taste is acid and astringent; and its 
smell, when concentrated and a little heated, is moderately pungent. 

2. It reddens the infusion of litmus. 'Paper stained with litmus, 
though it does not immediately lose its colour, yet is deprived of it in 
a day or two if left in the liquid; or more rapidly if taken out of the 
liquid and exposed to the air, in consequence ot the solution becom- 
ing more concentrated. 

3. It does not precipitate either silver, mercury, or lead, from their 
solution in nitric acid. 

4. It is volatilized by heat, but not without a partial decomposition 
into chlorine and oxygen. Hence it afterwards precipitates the nitrate 
of silver. 

5. Muriatic acid decomposes it, and both acids, if mixed in just 
proportion, are changed entirely into chlorine. On the old theory, 
part of the oxygen of the chloric acid passes to the muriatic acid, and 
oxygenates it. On the new theory of chlorine* the oxygen of the 
chloric acid unites with the hydrogen of the muriatic acid, and the 
chlorine, pre-existing in both, is thus developed. 

* Ann. de Chim. xcv. 102. 
t Ibid. xci. Ill, 
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6. Chloric acid is decomposed, also, by sulphuretted hydrogen and 
by sulphurous acid. In the first case, chlorine and sulphur are sepa- 
rated, and water is formed. In the second, sulphuric acid is formed, 
and chlorine set at liberty. None of the acids, which are saturated 
with oxygen have any action on chloric acid. 

7. All the metals that are capable of decomposing water, decom- 
pose also the chloric acid, and afford compounds of chlorine with a 
metallic oxide. 

According, to the experiments of Vauquelin, chloric acid is com- 
posed of • 

Chlorine .... S5 ... 100 .. . 54 
Oxygen . ... 65 ... 185 ... 100 

100 

This determination differs materially from that of Gay Lussac, 
according to whom 32.304 oxygen convert 28.924 chlorine into chloric 
acid, and hence it should be composed of 

Chlorine .... 47.3 ... 100 ... 90 
Oxygen .... 52.7 ... 110 ... 100 

100. 

The result of Gay Lussac is by much the more probable of the two, 
and would make the chloric consist of 1 atom of chlorine + 5 atoms 
of oxygen, while Vauquelin's numbers would indicate no less than 8 
atoms of oxygen. Mr. Chenevix* formerly stated the composition of 
the hyper-oxymuriatic or chloric acid to be 65 oxygen + 35 muriatic 
acid. To accommodate this view to the new theory, 10.4 taken from 
the oxygen and added to the muriatic acid will give 45.4 and 54.6, 
numbers not very different from those of Gay Lussac. 

It is proper, however, to add that the existence of a simple com- 
bination of chlorine and oxygen has been denied by Sir H. Davy, who 
considers the liquid, obtained by Gay Lussac, as constituted of two 
proportions (atoms) of hydrogen, one of chlorine and six of oxygen. 
To this, the latter has replied, that the hydrogen is not an element of 
the acid itself, but of water with which the acid is united, as is the 
case with liquid sulphuric and nitric acids. The reader, who takes 
an interest in this controversy, may find it in the first volume of 
Annates de Chimie et de Physique, and of the Journal of Science and 
the Arts; and the argument for the existence of hydrogen in certain 
acids as an essential and acidifying principle, and not as a constituent 
of water, has, also, been ably supported by Dr. Murray, in a late vo- 
lume of the Edinburgh Transactions. 

Per-chloric Acid. 

In obtaining peroxide of chlorine by Sir H. Davy's or by Count 
Stadion's process, a peculiar salt is formed, which was first noticed 
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by the latter philosopher. It is mixed with bisulphate of potash, 
which may be separated by a second crystallization, and the peculiar 
salt then appears in octohedral crystals. It requires 55 times its 
weight of water at 60° for solution, but dissolvea freely in boiling 
water. In alcohol it is quite insoluble. When distilled with an 
equal weight of sulphuric acid; at a temperature of 280° Fahi it is 
decomposed: and an acid (of whose properties, however, we have not 
a distinct account) may be distilled over. When the salt is distilled 
alone at 412°, it is converted into chloride of potassium (dry muriate 
of potash) and oxygen gas, in the following proportions. One hundred 
parts by weight afford 

Muriate of potash . . . 54.08 containing « g5 [ 59 chlorine" 1 
Oxygen 45.92 

100. 

Hence it appears that 25.59 chlorine are united with 45.92 oxygen, 
which is nearly in the proportion of 33.5 chlorine to 58 oxygen. Now 
to have agreed with the proportion of seven atoms of oxygen, the last 
mentioned number shoujd have been 52J>; and if we suppose the 
" oxygen a little over-rated, which may very probably be the case in a 
compound so imperfectly investigated, the per-chloric acid will then 
consist of one atom of chlorine = 33.5, united with seven atoms of 
oxygen = 52 .5; and the weight of its atom will be 86. 



SECTION III. 

Chlorine with Nitrogen. 

Chlorine has no action whatsoever on nitrogen gas, nor on nitrous 
gas or nitrous oxide, when both gases are perfectly dry; but a com- 
pound of chlorine and nitrogen may be formed, by passing chlorine 
gas through a solution of nitrate of ammonia, or of almost any ammo- 
niacal salt, of the temperature of 40° to 50 Q Fahrenheit The chlo- 
rine gas is rapidly absorbed, and a film appears on the surface, which 
soon collects into yellowish drops, that sink to the bottom of the 
liquor. 

This yellowish and oily fluid is the most powerfully detonating 
compound with which we are acquainted. When gently warmed, it 
explodes with so much violence, that it is not safe to employ a quan- 
tity larger than a grain of mustard seed. Its discoverer, M. Dulong,* 
was severely wounded in his first experiments on this substance; and 
Sir H. Davy had a serious injury done to his eyed in repeating them. 
It is expedient, therefore, to proceed with great caution. 

* See Ann. de Chim. vol. 85. 
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When a globule of this fluid is thrown into olive oil, turpentine, 
or naphtha, it explodes even without heat, and so violently, as to 
shatter any glass vessel. The same effect ensues, when it touches 
phosphorus, or phosphorized alcohol or ether; but pure alcohol seems 
to deprive it of its explosive property, and renders it a white oily 
matter. The specific gravity of the fluid, Sir H. Davy has deter- 
mined to be 1.653, water being 1. It is not congealed, by exposure 
to the cold produced by snow and muriate of lime. 

The products of its detonation are chlorine and nitrogen gases, 
but it is impossible to determine the bulk of those elements which are 
afforded by a given weight The best method of analyzing it, is by 
its action on mercury, which unites with the chlorine, and sets the 
nitrogen free. From various experiments of this kind, Sir H. Davj 
concludes that it is composed of four in volume of chlorine to one in 
volume of nitrogen, or of 

Chlorine 91.2 

Nitrogen ..... 8.8 

100. 

These proportions correspond best with the opinion, that it is con- 
stituted of one atom of nitrogen to two atoms of chlorine; but the co- 
incidence is not so exact, as in the case of some other compounds, 
and the analysis requires confirmation. 

. Chlorine and nitrous gases, separately dried by solid muriate of 
lime, do not combine on admixture; but when moisture is present, 
the chlorine decomposes water, forming muriatic acid with its hydro- 
gen, while its oxygen condenses the nitrous gas. 



SECTION IV. 

Chlorine with the Metals of the Alkalies and Earths, and with the 

'Oxides of those Metals. 

When potassium is heated in chlorine gas, it burns much more vi- 
vidly than in oxygen; each grain absorbs 1.1 cubic inch of the gas, 
and a neutral compound is formed, precisely resembling that which 
results from heating potassium in dry muriatic acid gas. Sodium 
burns in chlorine with similar appearances, and condenses twice as 
much of the gas, as is absorbed by an equal weight of potassium. 

When potassium or sodium, which have been made to absorb oxy- 
gen, are heated in chlorine gas, the latter disappears, and oxygen 
gas, precisely equivalent to what had been condensed, is liberated. 
Oxygen is expelled, also, by chlorine, from barytes, strontites, and 
lime, in the proportion of one measure for every two measures of 
chlorine that are condensed. 

As the oxygen is always evolved in its original quantity, though 
the quantity of chlorine absorbed is variable, Sir H. Davy considers 
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this as proving that the oxygen does not proceed from the chlorine, 
but from the oxide; and that chlorine is a simple body, which attracts: 
the metals in question more strongly than oxygen attracts them. 

Ammonia is decomposed by chlorine, sometimes with detonation. 
If both gases are dry, no water is produced, which Sir H. Davy ob- 
serves should happen, if chlorine contained oxygen; but the products 
are muriatic acid (from the union of the chlorine and hydrogen,) and 
nitrogen gas.* The muriatic acid, with the uudecom posed alkali, 
forms muriate of ammonia. 



SECTION V. 

Chlorine with Charcoal, Carbonic Oxide, and Carburetted Hy~ 

drogen. 

When the charcoal of beech wood, finely powdered and perfectly 
dry, is poured into chlorine gas in its ordinary state, an inflammation 
ensues. But charcoal, intensely ignited by the strongest powers of 
Voltaic electricity, in dry chlonne gas, effects no change, nor is any 
carbonic acid produced.! 

Perfectly dry chlorine and light carburetted hydrogen gases, in the 
experiments of Dr. John Davy, detonated without producing carbonic 
acid. Muriatic acid gas was formed, and the charcoal was precipi- 
tated. But when the gases are fired over water, carbonic acid is ob* 
tained, the oxygen for which is furnished by the water. Mixtures of 
three or four parts of chlorine and one part of carburetted hydrogen 
over water, wnen exposed to the light of the sun, explode, and car* 
bonic acid is generated; or, if the quantities are small, and indirect 
light only is admitted, the action of the gases goes on slowly, with si- 
milar results. 

When three measures of chlorine are mixed with two and a half of 
*)lefiant gas or per-carburetted hydrogen, a white cloud appears, and, 
if the gases are pure, the whole is rapidly condensed. At the same 
time, a liquid resembling oil is formed, which has a greater specific 
gravity than water. From this property, per-carburetted hydrogen 
first received the name of olefiant ga$; but it has been lately shown 
that the liquid obtained is analogous, not to oil but to ether, whence 
it has been called chloric ether. It will be described under that name 
in the second volume. 

The condensation of per-carburetted hydrogen by chlorine gas af- 
fords an easy way of estimating the quantity of the former, in any 
mixture of it with hydrogen, light carburetted hydrogen, and carbonic 
oxide gases* Add to any gas, suspected to contain olefiant gas, about 
half its bulk of chlorine; if an immediate diminution ensue, accom* 
panied with an evident production of an oily liquid, the presence of 

* Ph'J. Trans. 1814, p. 70. f Children. Phil. Trans. 1815, p. 369. 
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defiant gas may be safely inferred. Of the whole quantity con- 
densed, about 45 hundredths may be estimated to be per-carburetted 
hydrogen. 

A mixture of equal volumes of chlorine and carbonic oxide gases, 
both dried by fused muriate of lime, and exposed, about a quarter of 
an hour, to bright sunshine, affords a peculiar compound, called by its 
discoverer, Dr." John Davy,* Phosgene Gas. The colour of the chlo- 
rine is destroyed by this combination, and the constituent gases are 
condensed into half their bulk. Hence it appears to be one of the 
heaviest gases known, 100 cubic inches being estimated to weigh 
105.97 grains. 

Phosgene gas has an intolerably pungent odour, and reddens lit- 
mus, whence it is called by some chemists phosgenic acid. Water 
changes it into muriatic and carbonic acid gases. The metals decom- 
pose it, and unite with the chlorine, a volume of carbonic oxide being 
liberated, equal to the bulk of the original gas. It condenses four 
times its volume of ammoniacal gas, and the product is a white neu- 
tral salt, from which the stronger acids disengage muriatic and car- 
bonic acids ; but acetic acid dissolves it without effervescence. 



SECTION VI. 

•Chlorine with Sulphur and its Compounds. 

Sulphur, when heated in contact with chlorine gas, absorbs it, and 
forms a singular compound first described by Dr. Thomson.t Ten 
grains absorb nearly 30 cubic inches of gas, which is nearly in the 
proportion of 15 (the weight of an atom of sulphur) to 33.5 (the weight 
of an atom of chlorine). It appears, indeed, to be a true chloride of 
. sulphur. ' 

This fluid is volatile below 200° Fahrenheit Its colour is red by 
reflected light, but yellowish green by transmitted light It emits 
fumes, which are peculiarly acrid, and which excite a copious flow of 
tears. Its specific gravity is 1.6. It decomposes water, the hydrogen 
-of which forms, with the chlorine, muriatic acid; while the sulphur, 
with the oxygen of the water, composes sulphuric acid. Before dilu- 
tion, however, it is not acid, and does not redden dry litmus paper. 

Dry chlorine gas has no action on dry sulphurous acid gas; but if 
water, be present, muriatic and sulphuric acids result from their 
mixture. 

When chlorine gas is mixed with sulphuretted hydrogen gas, the 
phenomena vary with the proportions. When equal bulks are used, 
there is scarcely any condensation, and the residue contains 19 twen- 
tieths of its bulk of muriatic acid gas. In this case sulphur is preci- 
pitated. But if enough of chlorine be used, besides the same product 
of muriatic acid, the sulphur is changed into chloride of sulphur. 

The compound of chlorine and phosphorus will be described in 
speaking of the latter substance. 

* Phil. Trans. 1812. 

f Nicholson's Journal, 8vo. vol. vi. 
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SECTION VII. 

Chlorine with the Metals. 

Almost every metal, in a state of minute division, takes fire spon- 
taneously, and burns in this gas. The very malleable metals, such 
as gold, silver, &c. which can be reduced to extremely thin leaves, 
are best applied to the gas in that state. Others, as iron, zinc, cop- 
per, &c. must be introduced in the state of fine filings. The most 
readily oxidized metals burn with the greatest brilliancy. The best 
proportion is about 40 grains of each metal to 40 cubic inches of gas : 
and, into the bottom of the receiver a little sand may be poured, to 
prevent it from being broken. 

Metallic antimony burns with a very brilliant white flame, and 
throws out sparks. Arsenic exhibits a fine green or blue flame, at- 
tended with sparks, and a dense white smoke; bismuth a bluish 
flame ; nickel, a yellowish white one ; cobalt, a bluish white ; zinc, a 
white flame and sparks-; tin, a bluish white light ; lead, a clear white 
flame; copper, a red and slowly spreading light; and iron, a bright 
red light. In all these experiments, the temperature of the gas 
should not fall short of 70°. 

When chlorine is made to act on any metallic oxide, those of iron 
and arsenic excepted,, the whole of the oxygen is expelled from the 
oxide, and the chlorine combines with the metal only. The descrip- 
tion of these compounds, which have been ably investigated by Dr. 
J. Davy, will form a part of the history of the individual metals in 
the next volume. 

Nomenclature of the Compounds of Chlorine and of Muriatic .Acid. 

The combinations of muriatic acid continue to be termed Muri- 
ates in the modified nomenclature, proposed by Sir H. Davy; Thus 
muriate of magnesia, of alumine, and of ammonia} are correct ex- 
pressions. But all compounds of chlorine with combustible bases, 
that philosopher proposes to designate by annexing the termination 
ane to the Latin name of the basis. The compound of chlorine and 
sulphur, he calls for example, sulphurane; that of silver (argentum) 
and chlorine argentane ; and so of the rest. Common salt, on the 
same principle, would be termed sodane. When these compounds 
are capable of uniting with an additional proportion of chlorine, he ex- 
presses that which has two proportions by the termination ana or 
anea. Thus copper (cuprum) with one proportion of chlorine is cw 
prane $ and with two cupranea. This nomenclature appears, how- 
ever, to have gained little acceptation among chemists. 

It is more agreeable to analogy with the combinations of oxygen, 
to distinguish the compounds of chlorine by the name of chloride, a 
termination conformable to that of oxide. The different compounds of 
chlorine, with one base, may than be designated in the way proposed 
by Dr. Thomson for the oxides, the first being; called proto-chloride. 
Vol. I.—X x 
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the second deuto-chloride, and so of the rest Gay Lussac, conceiv- 
ing; chlorine to have a stronger analogy with sulphur and phosphorus 
than with oxygen, proposes for its compounds the name of chlorures; 
but, as, it appears to me, without sufficient reason. 

It will assist the recollection of the reader, if a general view be 
now offered of the various compounds of chloric, and of their nomen- 
clature. 

I. With Hydrogen, chlorine forms only one compound, muriatic 
acid, for which the name of hydro-chtore or hydro-chloric acid has 
been proposed by the French chemists. For its compounds, they 
propose, instead of muriates, the epithet hydro-chlorates. • 

II. With Oxygen, it composes four compounds : 

With one atom of chlorine to one of oxygen, protoxide of chlorine* 
(euchlorine of Davy.) 

With one atom of chlorine to four of oxygen, peroxide of chlo- 
rine. 

With one atom of chlorine to five of oxygen, chloric acid. 

With one atom of chlorine to seven of oxygen, perchloric acid. 

III. With Combustible and Metallic Bases: 
With Carbon . . . No combination. 

— Carbonic oxide Phosgene gas. 

Nitrogen . . Chloride of nitrogen. (Detonating com- 
pound of Du long). ' 

Sulphur . . . Chloride of Sulphur. (Fuming liquor of 
» Thomson). 

in™«u~....« $!• Protochloride of phosphorus. 

Phosphorus . .^ Perchloride of phosphorus. 

Cl. Protochlorides. 
wal xm x i J 2. Deuto-chlorides* 

Wrth Metals . . -^.Trichlorides. - 

{4. Tetro-chlorides. 

According to the views of Sir H. Davy and Gay Lussac, all the 
bodies described in the next section, excepting the muriates of am- 
monia, magnesia, and alumine, are to be considered strictly as chlo- 
rides or chlorures, that is to say, as compounds of chlorine with me- 
tallic bases. Common salt, for example, they conceive to be a com- 
pound, not of muriatic acid and soda, but of chlorine and sodium, at 
least in its dry state. Until these views, however, are completely 
established, I nave deemed it unnecessary to separate bodies, so natu- 
rally allied by similarity of properties ; and I shall continue there- 
fore, to class with the muriates, some compounds, which, in the far- 
ther progress of science, will probably be removed to a diiferent 
genus of salts. 
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SECTION VIII. 

Muriates (Hydro-Chlorates.) 
Art. 1.— Muriate of Potash* 

Muriate of potash may be obtained by saturating muriatic acid 
with carbonate of potash, and evaporating the solution till the salt 
crystallizes. These crystals have a cubical shape, and a bitter dis- 
agreeable taste ; they dissolve in three times their weight of water 
at 60°, and in a rather less proportion of boiling water. They under- 
go little change when exposed to the air ; they decrepitate when 
thrown on the fire, but abandon no part of their acid at a red heat 

Muriate of potash consists, in 100 grains, 

i Acid. Base. 
According to Bertholet . • . • of . .33.34 . . 66.66 
— — -  Berzehus . . . . — . . 36.742 . . 63.258 
Dr. Wollaston . .-—.■. 36.57 . . 63.43 



Berzelius, by decomposing 100 grains of the fused salt with so* 
lution of nitrate of silver, obtained 192.4 of luna cornea. Accord- 
ing to Sir H. Davy, this salt after fusion is composed of 75 parts of 
potassium united with 67 chlorine, or 100 grains consist of 

Potassium 52.8 

Chlorine * 47.2 

» • 

100. 

These proportions are almost the same as those stated by Gay 
Lussac, viz. 100 chlorine + 111.31 potassium, all confirming that 
this salt is composed of an atom of each of its ingredients. A hun- 
dred parts, it is calculated by Dr. Ure, when completely decomposed 
by sulphuric acid, yield 129 J of liquid muriatic acid, specific gravity, 
1.192. 



Art. %.—>Muriate of Soda. 

Muriate of soda is that well known substance, common salt, which 
is become a necessary ingredient in the food of man, and is of essen- 
tial utility in several of the arts. 

I. Its composition may be proved, by the direct union of soda 
with muriatic acid. But for purposes of experiment, the common 
salt may be employed, which is to be found in the shops. This may 
be purified, by adding to a solution of it in water a solution. of car- 
bonate of soda, as long as any milkiness ensues ; filtering the soli*- 
tion, and evaporating it till it crystallizes. 
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II. Its qualities are as follow : 

1. It crystallizes in regular cubes, which, when the salt is pure, 
are but little changed by exposure to the air. The common salt of 
the shops, however, acquires ah increase of weight, in consequence of 
the absorption of moisture. The various forms under which it ap- 
pears, of stoved salt, fishery salt, bay salt, &c. arise rather from 
modifications in the size and compactness of the grain, than from 
any essential difference of chemical composition. 

2. It requires, for solution, twice and a half its weight of water, at 
60° of Fahrenheit, and hot water takes up very little more. Hence 
its solution crystallizes, not like that of nitre, but by cooling, by eva- 
poration. 

3. When heated gradually it fuses, and forms, when cold, a solid 
compact mass. 

4. If suddenly heated, as by throwing it on red-hot coals, it de- 
crepitates. It does not, however, after being dried at the tempe- 
rature of boiling water, lose by ignition more than two or three parts 
of waterier cent. and essentially it contains no water. 

5. It is not decomposed when ignited in contact with inflammable 
substances, except with potassium, which sets at liberty half its 
weight of sodium. 

6. When mixed with powdered charcoal or sulphur, and fused in 
a crucible, it does not undergo any decomposition or essential change* 

7. It is decomposed by the carbonate of potash, the alkali of 
which combines with the muriatic acid of the salt, and the carbonic 
acid is transferred to the soda. — Hence we obtain muriate of potash, 
and carbonate of soda. A process for effecting this decomposition, 
on a large scale, is described by Westrumb, in Grell's Journal, Eng- 
lish translation, ii. 127. 

8. It is decomposed by the sulphuric acid in the mode already 
described. Nitric acid also separates the muriatic acid. 

9* Muriate of soda is composed, in 100 grains, 

Acid. Base. 
According to Darcet . . . of ... 49.27 • . 50.73 
 Berard . . . — ... 48. • . 57. 

i ' '  Dr. Marcet • • — ... 46. . . 54. 

- Berzelius . . — ... 46.55 . . 53.44 

From 100 grains of transparent rock salt, dissolved in water, 
and precipitated by nitrate of silver, I obtained 242 of luna cornea; 
Dr. Marcet, from 100 grains of pure artificial muriate of soda, fused 
before solution, obtained 241.6 ; Berzelius, 244.6 ; and Rose, 243.4. 
Now 100 grains of lima cornea may be stated* in round numbers, 
to denote 19 grains of real muriatic acid, so that it is easy, from this 
datum, to calculate the composition of common salt, or of any mu- 
riatic salt, which has been decomposed by nitrate of silver. 

On the atomic system of Mr. Dalton, it should consist of an atom 
of muriatic acid combined with an atom of soda. But according to 
Sir H. Davy's view, fused common salt is constituted of an atom of 
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sodium, weighing 22, with an atom of chlorine weighing S.95 or of 

Sodium - - - - - 40.5 - - - - 100 - - - 68 

Chlorine- - - - - 59.5 - - - - 147 - - • 100 

100. 347 168 

Dr. Wollaston assumes its constitution to J>e either 39.64 sodium 
+ 60.36 chlorine; or on the old theory of muriatic acid, he admit* 
its composition as stated bj Berzelius. One hundred grains are 
estimated bj Dr. lire to be capable of yielding, when completely de- 
composed by sulphuric acid, 165 of liquid muriatic acid, specific 
gravity 1,190, or 186.3 grains of density 1.160. 



Art. S^mMuriate of Ammonia. 

1. If equal measures of ammoniacal gas and muriatic acid gas 
be mixed together, over mercury, they are immediately and totally 
condensed, a white cloud is formed, and a solid substance is deposit- 
ed on the sides of the vessel.— This is the muriate of ammonia. For 
experimental purposes it may be procured in the shops, under the 
name of sal-ammoniac. 

Berzelius, from 100 grains, precipitated by nitrate of silver, ob- 
tained 267.87 of luna cornea. Hence he calculates its composition, 
independently of water, to be 

Acid 60.8 - - - - 100. 

Ammonia - - - -. 69.2 - - - . 64.48 

100. 

i 

But in its ordinary state the salt contains water, for when distil- 
led witb lime, the earth gains a greater increase of weight than the 
muriatic acid only could furnish. The proportions are, according to 
Berzelius, 

Acid ....... 49.55 

Base 31.95 

Water . 18.50 



MwMMNb 



100. 



These proportions differ very little from the results of Dr. Ure, 
who infers the dry muriatic acid in 100 parts of sal ammoniac to be 
50 or 51 only*, equivalent to 67.8 of the acid gas. 

This is one of the few salts which, consistently with Sir H. Da- 

**ThonwoH , sAnnab>x.211. 
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▼y's views, can properly be considered as a true muriate. Its ato- 
mic constitution Mr. Dalton believes to be one atom of acid and two 
atoms of ammonia. The notion of its being a compound of chlorine 
with the imaginary substance of. ammonium, or a chloride of ammo* 
nium, appears not to be tenable t. 

Muriate of ammonia exhibits the following properties : 
(a) It is volatilized, without being liquefied or decomposed, or in 
•ther words may be sublimed. Sir H. Davy finds that it may even 
be passed, without alteration, through glass or porcelain tubes heated 
to redness. When, however, it is transmitted over ignited metals, 
it is decomposed into its gaseous elements. 

(6) It is readily soluble in water, three parts and a half of which, 
at 60° take up one of the salt During its solution much caloric is 
absorbed. In boiling water, it is still more soluble ; and the solution, 
on cooling, shoots into regular crystals. 

(c) It 'slightly attracts moisture from the air. 

(d) On the addition of a solution of pure potash, or pure soda, the 
alkali is disengaged, as is evinced by the pungent smell that arises 
on the mixture of these two bodies, though perfectly inodorous when 
separate. 

(e) Though generally considered as a neutral salt, yet, if placed 
on litmus paper and moistened, Berzelius observes, that the paper 
is reddened after some moments, as it would be by an acid. 

(/) It is decomposed by barytes, strontites, lime, and magnesia. 

Process for obtaining Solution of Ammonia in Water. 

The following process is given by Mr. R. Phillips, as preferable 
to that of the London Pharmacopoeia!. 

On 9 oz* of well-burnt ltmu, pour half a pint of water, and when 
it has remained in a well closed vessel for nearly an hour, add 12 
oum es of muriate of ammonia, and about 3 J pints, of boiling water. 
When the mixture has cooled, filter the solution ; and, having put it 
into a retort, distil oft' 20 fluid ounces. The solution will have the 
specific gravity 0.954, which is quite as strong as it can be conve- 
niently kept If the solution be required to be more strongly im- 
pregnated, this will be best effected, by passing ammoniacal gas 
through it, from a mixture of equal parts of powdered lime and mu- 
riate of ammonia, by means of an apparatus similar to that described 
for the preparation of muriatic acid. 

When a mixture of one part of powdered muriate of ammonia 
with from one to two of powdered carbonate of lime (chalk), both 
perjectly free from moisture, is distilled together in a retort; a solid 
white substance condenses on the inner surface of the receiver. 
This is the sub-carbonate of ammonia ; and the process now descri- 
bed is that by which, with the substitution of proper subliming ves- 
sels, the sub-<;arbonate of ammonia is prepared for sale. This ope- 
ration furnishes an example of double affinity. The carbonic acid, 

• Uue in Thomson's Annals, x. 211. 

t Remarks on the London Pharm. p. 34. 
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being transferred from the lime to the ammonia, forms sub-carbonate 
of ammonia ; and the muriatic acid, passing to the lime, composes 
muriate of lime. 



Art. 4*— Muriate of Barytes. 

Muriate of barytes may be formed by heating pure barytes in chlo- 
rine gas, each measure of which disengages halt a measure of oxygen 
gas from that earth. Or when barytes is heated in muiiatic acid 
gas, the gas disappears, and the salt, which is produced, becomes red- 
hot But for purposes of experiment, muriate of barytes is best pre- 
pared, by dissolving either the artificial or native carbonate in mu- 
riatic acid much diluted ; or, if neither of these can be had, the 
sulphuret. The iron and lead, which are occasionally present in 
the carbonate, and are dissolved, along with the barytes, may be 
separated by the addition of a small quantity of liquid ammonia, or 
by boiling and stirring the solution in contact with a little lime; 
or, which is still better, by solution of barytes in water. When fil- 
tered and evaporated, the solution yields regular crystals, which 
have most commonly the shape of tables, bevelled at the edges, or 
of eight-sided pyramids, applied base to base They dissolve m five 
parts of water, at 60°, or in a still smaller quantity of boiling water ; 
and also in alcohol. They are not altered by exposure to the atmos- 
phere ; not are they decomposed, except partially, by a high tempe- 
rature. The sulphuric acid separates the muriatic; and the salt is 
also decomposed by alkaline carbonates and sulphates. 

Fifty grains of ignited muriate of barytes give 68 of luna cornea* 
It is composed, 

Acid. Base. 
According to Mr. A. Aikin . . of . . . 26 86 . . 73.14 
Berzelius . ' . . — . . . 66.23 . . 73.77 

And the crystallized salt consists 

Acid. Base. Water. 

According to Mr. Aikin . . of . . 22w93 . . 62.47 . . . 14.6 
— _ Berzelius . . — . . 23.35 . . 61.85 . . . 14.80 

Its atomic constitution, according to Mr. Dalton, is 1 atom of acid 
and 1 atom of base; and the crystals consist of 1 j£om of dry salt 
and 2 utoma of water. Sir H. Davy considers the dry salt as a com- 
pound of 1 atom of barium weighing 65, and 1 atom of chlorine 33.5* 
Hence 100 parts should consist of 

Chlorine ....... S4. 

Barium ....... 66. 

100. 
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Art. 5 j— Muriate of Strontites 

May be obtained bj following the same process as that employed 
in preparing the barytic salt. The solution affords long slender 
hexagonal prisms, which are soluble in two parts of water,- at 60° ; 
and to almost any amount in boiling water. Jn a very moist atmos- 
phere they deliquiate. They dissolve in alcohol, and give a blood-red 
colour to its flame. 

Fifty grains of dry muriate of strontites give 85 of luna cornea, 
and hence the salt must consist of 67.5 acid. This agrees very near- 
ly with Kirwan's determination, but differs somewhat from Vauaue- 
lin's viz. 61 base and 39 acid, Stromeyer, who has lately examined 
this salt, makes it consist of 

Base 65.5S5 - - or - - 100. 

Acid 34.415 • - — - » 52,474 



100. 

According to Sir H. Davy's view, it is constituted of 29 parts 
strontium and £1 chlorine, or of 

Strontium ------ 58. 

Chlorine 42. 

Its atomic constitution, agreeably to this view, is one atom of me* 
tal weighing 45, and one atom of chlorine weighing 33.5. On the old 
theory, it should consist of one atom of strontites, and one atom of 
muriatic acid. 



Aht. 6.— Muriate of Lime. 

4 

This salt may be prepared by dissolving carbonate of lime in mu- 
riatic acid, or by washing off this soluble part of the mass which re- 
mains after the distillation of the solution of pure ammonia from mu- 
riate of ammonia and lime. One hundred grains of carbonate give, 
according to Berzelius, 109.6 of fused muriate of lime. 

The solution^crystallizes in six-sided striated prisms, terminated 
by very sharp pyramids. If it be evaporated to the consistence of a 
syrup, and exposed to a temperature of 32°, it forms a compact mass, 
composed of bundles of needle-shaped crystals, crossing each other 
confusedly. The dry salt retains its acid at the temperature of ig- 
nition. 

The crystals dissolve in half their, weight of cold water, and to an 
unlimited extent in boiling water, being, in fact, soluble in their wa- 
ter of crystallization.— Tney deliquiate rapidly in the air, and enter 
into fusion when heated. After being melted by a strong heat, the 
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fused mass still contains water ; for by ignition with iron filings, it 
yields much hydrogen gas. On the new theory of chlorine, however, 
this gas may proceed from the decomposition of muriatic acid. If 
fused ia a crucible, and treated in the same manner as the nitrate of 
lime, the crystals yield a solar phosphorus, called, from its discover* 
er, Romberg's phosphorus. When mingled with snow, they pro- 
duce intense cold, as has already been described. 

Dry muriate of lime may be inferred, from an experiment of Dr. 
Marcet, to consist of 

Muriatic acid ------ 49--- TOO 

Lime - 51 - - - 104 

100 

One hundred grains of fused muriate of lime give, according to 
Davy, 250 grains of luna cornea ; according to fierzelius 287.5. 
From experiments on its synthesis, Berzelius states its composi- 
tion to be 

Acid 48.54 

Lime ----- 51.46 



100. 



and that of the crystallized salt 



Acid .--. 24.69 

Lime - - - - 25.71 
Water- - - - 49.60 



100. 

But, according to the theory of Sir H. Davy, the salt after being 
ignited, consists of 31 chlorine and 19 calcium, or of 

Chlorine 62. 100 - - - 163 

Calcium - - - - 38. • - - 61 - - * 100 

100. 

Art. 7. — Muriate of Magnesia, 

This is also a deliquescent and difficultly crystallized salt. It haft 
an intensely bitter taste ; is soluble in its own weight of water, or 
in five parts of alcohol. Unlike the preceding muriates, it is de- 
composed, but not entirely by ignition. 

According to Mr. Dalton, Muriate of Magnesia is constituted of 
56.4 acid + 43.6 base ; but from Dr. Wollaston's table of equiva- 
lents, it may be deduced to consist of 58 acid and 42 base. The 
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compound of chlorine and magnesium, though supposed by Sir H. 
Davy to exist, has not yet been examined in a separate state. When 
heated, the combination, he remarks, is destroyed ; the chlorine de- 
composes water, and escapes in the state of muriatic acid, and the 
oxygen of the water forms magnesia with the metal. 

The muriates of magnesia and lime are generally contained in 
muriate of soda, and impart to that salt much of its deliquescent 
property. They impair, too, its power of preserving food. They are 
also ingredients of sea-water. 



Art. 8.— •Muriate of Alumine 

May be formed by dissolving fresh precipitated alumine in muri- 
atic acid ; but the acid is always in excess. It is scarcely possible 
to obtain this salt in crystals ; for, by evaporation, it assumes the 
state of a thick jelly. It is extremely soluble in water, and deli- 
quescent when dry. In a high temperature it abandons its acid en* 
tirely. No compound (Sir H. Davy observes) exists, that can be 
considered as a compound of alumine and chlorine. 



Art* 9.-*-ffluriate of Glucine. 

This salt is little known. I*ike all the salts of glucine, it has a 
Sweet taste, and crystallizes more readily than the nitrate. 



Art. \0*-~Muriate of Zircon. 

Fresh precipitated zircon is readily dissolved by muriatic acid. 
The compound is colourless ; has an astringent taste; and furnishes, 
by evaporation, small needle-shaped crystals, which lose their trans- 
parency in the air. It is very soluble in water and in alcohol. It is 
decomposed by heat, and by the saliva of the mouth. The gallic acid, 
poured into the solution, precipitates; if it be free from iron, a white 
powder. Carbonate of ammonia gives a precipitate, which is re-dis- 
solved by an excess of the carbonate. 



Art. ll*-~Muriate of Yttria. 

This compound has a striking resemblance to nitrate of yttria* 
Xike that salt it dries with difficulty, and attracts moisture from the 
air* It does not crystallize, when evaporated, but forms a jelly. 



SECT. 1X» CHLORATE OP POTASH* 355 



SECTION IX. 

Chlorates or Hyper-oxy-muriatis. 
Art. 1.— Chlorate or Hyper-oxy-muriate of Potash. 

The properties of this salt were discovered by Berthollet. It may 
be formed either by the direct mixture of liquid chloric acid with 
solution of potash or carbonate of potash ;— or by passing chlorine 
gas, as it proceeds from the mixture of muriate of soda, sulphuric 
acid, and manganese (see Sect II, Process 2), through a solution of 
caustic potash. This may be done by means of Woulfe's apparatus, 
using only one three-necked bottle in addition to the balloon. The 
tube which is immersed in the alkaline solution, should be at least 
half an inch in diameter, to prevent its being choked up by any 
crystals that may form. The solution, when saturated with the gas, 
may be gently evaporated, and the first products only of crystals 
are to be reserved for use ; for the subsequent products consist of 
common muriate of potash only. 

The chemical changes that occur in t^e production of chlorate, of 
potash may be explained either on the old or the new theory. Let us 
(on the old hypothesis) suppose the oxy-muriatic acid, when first pre- 
sented to the alkaline solution, to be divided into two portions,; one 
of these gives up its excess of oxygen to ike other half, and returns 
to the state of common muriatic acid, which combining with the al- 
kali, forms muriate of potash.— -The other portion, therefore, is oxy- 
muriatic acid, plus a certain quantity of oxygen ; and this, uniting 
with another portion of alkali, forms a salt, which Mr. Chenevix has 
termed hyper-oxy-muriate. Strictly speaking, therefore, simply oxy- 
genized muriate of potash does not exist ; for the acid in this salt 
contains 65 per cent, of oxygen ; whereas the oxy-muriatic acid must 
contain, if any oxygen be present in it, only 22.65 per cent. 

It would be equally consistent with the theory of chlorine, either 
to suppose that the oxy-muriatic acid decomposes the water of the 
alkaline solution, forming, with its hydrogen, common muriatic acid, 
while another portion of chlorine unites with the oxygen thus set at 
liberty ;— or that the change consists in the decomposition of potash, 
the oxygen of part of which is transferred to another portion of alka- 
li, while the oxy-muriatic acid is partly expended in decomposing 
water and forming muriate of potash, and partly in composing a tri- 
ple compound of chlorine, oxygen, and per-oxide of potassium. In, 
this view, hyper-oxy-muriate of potash is constituted of 1 atom of 
potassium weighing 40.5, 1 atom of oxy-muriatic acid « 33.5, and 6 
atoms of oxygen == 45 ; or 100 parts consist of 

> 

Chlorine - 28. 

, Potassium ------- 34. 

Oxygen ----<--- 38. 

100« 
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On the theory of Mr. Daltony one atom of oxy-muriatic acid weigh- 
ing 29, deprives five surrounding atoms of the same acid of their 
oxygen, and constitutes one atom of hyper-oxy-muriatic acid = 64, 
which unites with an atom of potash = 42. These numbers are not 
very remote from those deducible from Mr. Chenevix's analysis, ac- 
cording to whom this salt is composed of 

Hyper-oxy-muriatic acid - - - • 58.3 

Potash 39.2 

Water 2.5 

* 

100. 

The water, however, is in too small proportion to be considered as 
more than an accidental ingredient. 

Even by the advocates, of the simple nature of chlorine, two diffe- 
rent views have been taken of this class of salts. By Gay Lussac, 
the chlorates are considered as compounds of chloric acid with alka- 
line and earthy bases ; by Sir H. Davy, they are regarded as triple 
compounds of one atom of chlorine, one atom of metallic base, and 
six atoms of oxygen. But chloric acid being, as is deducible from the 
experiments of Gay Lussac, compounded of five atoms of oxygen 
with one atom of chlorine ; there is no difference as to the facts, what- 
ever there may be as to their explanation. This will appear from the 
following comparative statement* 

According to Davy, f 1 atom of metallic base 
Hyper-oxy-muriates or < 1 atom of chlorine 
chlorates consist of \ 6 atoms of oxygen. 

* ,. , ^ f 1 atom of base, C 1 atom metal 

According to Gay J .^ f J i atom oxygen. 

Lussac, chlorate* ^ t f „ £ 5 atomg Q ™ n 

are composed of [ ricacid \ i a tom chlorine. 

It will easily be perceived, on examining these statements, that 
the same propbrtion of elements are assigned by both philosophers to 
the chlorates, and that the only difference is as to the manner in which 
those elements are arranged. 

The chlorate of potash has the following qualities : 
(«) It has the form of shining hexahedrat laminse, or rhomboidai 
plates. 

(b) One part of the salt requires 1 7 of cold water for solution, but 
five parts of hot water take up two of the salt. 

(c) It is not decomposed by exposure to the direct rays of the sun, 
either in a crystallized or dissolved state. 

(d) When chlorate of potash is submitted to distillation in a coat- 
ed glass retort, it first fuses, and, on a farther increase of tempera- 
ture, yields oxygen gas of great purity. A hundred grains of the 
salt afford 75 cubic inches of gas (= about 25§ grains of gas), con- 
taining not more than three per cent, of nitrogen gas. Berzelius, 
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from the same quantity, obtained a much larger product of gas, viz. 
39.15 grains = 112 or ,114 cubic inches*. And Gay Lussac found 
that 100 grains give 38.88 grains of oxygen, and 61.12 of muriate of 
potash, containing, he supposes, 28.93 chlorine and 32.19 potassium. 
The residue of this distillation (consisting, according to the new 
theory, of chlorine and potassium) Vauquehn assertst is sensibly al- 
kaline ; from whence it should appear that the capacity of saturation 
is less in chlorine than in chloric acid. 

(e) The chlorate of potash has no power of discharging vegetable 
colours ; but the addition of a little sulphuric acid, by setting chlo- 
rine at liberty, developes this property. 

(/) The salt is decomposed by the stronger acids, as the sulphuric 
and nitric acids. This may be proved by dropping a few grains of 
the salt into a little concentrated sulphuric acid. A strong smell 
will arise, and, if the quantities be sufficiently large, an explosion 
will ensue. The experiments should, therefore, be attempted with 
great caution. When this mixture is made at the bottom of a deep 
vessel,- the vessel is filled with euchlorine gas, which inflames sulphu- 
ric ether, alcohol, or oil of turpentine, when poured into it ; and also 
camphor, resin, tallow, elastic gum, &c. (Davy.) — By the action of 
sulphuric acid, regulated as already described, peculiar gaseous 
compounds result. 

Muriatic acid, as has already been stated, disengages chlorine, 
and the addition of a few grains of the salt to an ounce measure of 
the acid, imparts to it the property of discharging vegetable colours. 

{g) Chlorate of potash exerts powerful effects on inflammable 
bodies. 

1. Rub two grains into powder in a mortar, and add one grain of 
sulphur. Mix them very accurately, by gentle triture, and then, 
having collected the mixture to one part of the mortar, press the 
pestle down upon it suddenly, and forcibly. A loud detonation will 
ensue. — Or, if the mixed ingredients be wrapped in some strong pa- 
per, and then struck with a hammer, a still louder report will be 
produced. 

2. Mix five grains of the salt with half the quantity of powdered 
tharcoal ina.similar manner. On triturating the mixture strongly, it 
will inflame, especially with the addition of a grain or two of sul- 
phur, but not with much noise. 

3. Mix a small quantity of sugar with half its weight of the salt, 
and on the mixture pour a little strong sulphuric acidj. A sudden 
and vehement inflammation will be produced. This experiment, as 
well as the following, requires caution. 

4. To one grain of the powdered salt, in a mortar, add about half 
a grain of phosphorus. The phosphorus will detonate, on the gen- 
tlest triture, with a very loud report. The hand should be covered 

* Ann. de Chim. et Phys. v. 175. -j- Ann. de Chim. xcv, 101. 

i A mixture of this kind is the basis of the matches, now generally used 
for the purpose of procuring- instantaneous light. The bottle, into which they 
are dipped,, contains concentrated sulphuric acid, which is prevented from 
escaping by a quantity of finely spun glass or the fibres of amianthus. 
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with a glove in making this experiment, and care should be taken 
that the phosphorus, in an inflamed state, does not fly into the eyes. 
—Phosphorus may also be inflamed under the surface of water by 
means of this salt. Put into a wine glass, one part of phosphorus 
with two of the salt ; fill it nearly with water, and pour in, by means 
of a glass tube/ reaching to the bottom, three or four parts of sul- 
phuric acid. The phosphorus takes fire, and burns vividly under 
the water. This experiment requires caution, lest the inflamed 
phosphorus should be thrown into the eyes. (Davy.) Oil may also 
be thus inflamed on the surface of water, the experiment being made 
with the omission of the phosphorus, and the substitution of a little 
olive or linseed oil. 

5. Hyper-dxy-muriate of potash may be substituted for nitre ia 
the preparation of gun-powder, but the mixture of the ingredients 
requires extreme circumspection. It may be proper also to state, 
that this salt should not be kept mixed with sulphur in considerable 
quantity, such mixtures having been known to detonate- spontane- 
ously. 



Art. 2.— Chlorate of Soda* 

This salt may be obtained, by following the process already de- 
scribed, with the substitution of pure soda for potash ; or by adding 
chloric acid to carbonate of soda, till the effervescence ceases. It is 
exceedingly difficult, however, to obtain it pure, by the first process, 
because it nearly agrees in solubility, with the common muriate of 
soda ; and the second method is therefore preferable. It is soluble 
in three parts of cold water, and in rather less of hot, and is slightly 
deliquescent. It is soluble also in alcohol ; but so also, according 
to Mr. Chenevix, is the common muriate. It crystallizes in cubes, 
or in rhomboids approaching the cube in form. In the mouth it pro* 
duces a sensation of cold, and a taste scarcely to be discriminated 
from that of muriate of soda. In other properties it agrees with the 
similar salt with base of potash. 



Art. 3*— Chlorate of Ammonia. 

This salt cannot be procured by the direct union of chlorine with 
pure ammonia, because these two bodies mutually decompose each 
other ; as will appear from the following experiments : 

1, Fill a pint receiver with chlorine gas; and pour into it half a 
drachm of the strongest solution of ammonia that can be procured. 
A detonation will presently ensue. 

% Fill a four-ounce bottle with chlorine gas, and invert it in a 
cup containing four ounce-measures, of the solution of pure ammonia. 
Presently the liquor will be absorbed, and a detonation will ensue, 
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which will throw down the bottle, unless firmly held by the hand. 
In the bottle there remains a portion of nitrogen gas. 

Though not capable, however, of being formed by the direct action 
of chlorine on solution of ammonia, yet an hyper-oxy-muriate or 
chlorate of ammonia, may be obtained by adding liquid chloric acid 
to solution of carbonate of ammonia, till the effervescence ceases. 
The solution must be evaporated by a very gentle heat, on account 
of the volatility of the salt ; and it is best to allow it to evaporate 
spontaneously at the temperature of the atmosphere* 

The salt, thus obtained, has the shape-of very fine needles. Its 
taste is extremely pungent. When heated, it detonates per se, like 
nitrate of ammonia, but at a lower temperature, and with a red 
flame. When decomposed by heat in close vessels, a large quantity 
of chlorine is obtained, with a very small proportion of oxygen and 
nitrogen, and also of hydrogen and muriate of ammonia. Hence it 
appears that the hydrogen of the volatile alkali is more disposed to 
unite with the oxygen than with the chlorine contained in the chlo- 
ric acid. 



Art. 4.*- Chlorates with Earthy Bases. 

1. Chlorate of Barytes.— To prepare this salt, chlorine gas must 
be received into a warm solution of barytes in water, till the barytes 
is saturated. The solution is to be filtered, and boiled with phos- 
phate of silver, which decomposes the common muriate of barytes, 
and at the same time composes two insoluble salts, phosphate of ba- 
rytes, and muriate of silver. Vauquelin finds the addition of acetic 
acid recommended by Chenevix, objectionable, and that the com- 
pounds of chloric acid are liable, if acetic acid has been employed, 
to detonate violently when heated. To judge when enough of the 
phosphate of silver has been used, add to a portion of the filtered li- 
quor, a few drops of nitrate of silver, which, in that case, ought not 
to disturb its transparency. If too' much phosphate of silver has 
been used, a drop or two of muriatic acid will discover it, and, in 
that case, the cautious addition must be made of some of the original 
solution, set apart for the purpose, to which no phosphate of silver 
has been added. It is from solution of chlorate of barytes, thus 
carefully prepared, that chloric acid is obtained by the interven- 
tion of sulphuric acid. 

Chlorate of barytes has the form of four-sided prisms ; its taste is 
pungent and austere ; it requires for solution about four times its 
weight of water, at 50° Fahrenheit ; and its solution, when pure, is 
not precipitated either by nitrate of silver or muriatic acid. By a 
red heat, it loses 39 per cent, and the residue is alkaline. From a 
calculation, founded on its decomposition by sulphuric acid, it ap- 
pears to consist of 

* Vauquelin. Ann. de Chim. xcv. 97* 
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4 



Barytes ------ 46 

Chloric acid ----- 54 



100 



2. Chlorate of Strontites may be obtained by the direct action 
of chloric acid on carbonate of strontites. It is a deliquescent salt, 
having an astringent taste, and communicating to the flame of alco- 
hol a fine purple tint. 

3. Chlorate of Lime*— To the account of this salt, I think it pro* 
per to premise, that considerable uncertainty appears to me still to 
exist respecting its composition. It is even doubtful whether the 
substance, formed by exposing dry hydrate of lime to chlorine 
gas, is any thing more than a compound of that hydrate with chlorine. 

This compound derives importance from its application to the art 
of bleaching ; for its solution in water, even when there is no excess 
of chlorine, possesses bleaching properties ; and produces whiteness 
in the unbleached part of goods, without destroying any delicate 
colours which they may contain. The dry compound, formed from 
hydrate of lime and chlorine gas, is extremely deliquescent ; lique- 
fies at a low heat ; and is soluble in alcohol. It produces much cold 
by solution, and a sharp taste in the mouth. Its composition and 
properties have been investigated by Mr. Dal ton, in two memoirs pub- 
lished in the 1st and 2d volumes of Dr. Thomson's Annals. He bnds 
that the dry salt is a compound of two atoms of lime, one of acid, 
and six of water. By solution, one half of the lime is deposited, 
and a compound of one atom of lime and one of acid is dissolved 
by the water. The dry salt is much impaired by being long kept. It 
contains per cent, according to Dalton, 

Chlorine ------ 23.2 

Lime ------- 38.4 

Water - 38.4 . 



100. 
For an account of the remaining salts formed with chloric acid, 
Mr. Chenevix's paper in the Philosophical Transactions for 1802, and 
Vauquelin's memoir in the 95th volume of Annates de Chimie, may 
be consulted. 



SECTION X. 

Nltro-Muriatic Acid. 



This acid may be formed most commodiously by mixing two parts 
by weight of colourless nitric acid with one of liquid muriatic acid. 
Proust employs only one of nitric to four of muriatic acid. Though 
the acids are both perfectly pale, yet the mixture becomes of a deep 
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red colour, a brisk effervescence takes place, and pungent vapours of 
chlorine are evolved. 

Considerable light has been thrown on the nature of this acid by 
the experiments of Sir H. Davy* who has rendered it probable that 
its peculiar properties are owing to a mutual decomposition of the 
nitric and muriatic acids, the oxygen of the former uniting with the 
hydrogen of the latter, in consequence of which water, chlorine, 
and nitrous acid, are the results. For every 101 parts in weight of 
real nitric acid (equivalent to 118 of hydro-nitric acid) which are 
decomposed, 67 parts of chlorine, he calculates, are produced. Ac- 
cording to this view, it is not correct to say that aqua regia oxidates 
gold or platinum, since it merely causes their combination with chlo- 
rine. By long continued and gentle heat, nitro-muriatic acid may 
be entirely deprived of chlorine, and it then loses its power of act- 
ing on gold and platinum. 

The nitro-muriatic acid does not form, with alkaline or other bases, 
a distinct genus of salts, entitled to the name of nitro-muriates ; for, 
when combined with an alkali, or an earth, the solution yields, on 
evaporation, a mixture of a muriate and a nitrate; and metallic 
bodies dissolved in it yield muriates only. The most remarkable 
property of nitro-muriatic acid (that of dissolving gold, from whence 
it has been called aqua'regia) will be described in the chapter on 
that metal. ' - ' 



SECTION XL 

Muria-Sulphuric Acid. 

Muriatic acid gas is absorbed in considerable quantity by sul- 
phuric acid. The compound has a brown colour, and when exposed 
to the air emits copious white fumes. It has no particular use. 



By the action of a mixture of fuming muriatic acid oasulphuret 
of carbon, Berzelius obtained a solid white crystalline body, resem- 
bling camphor, and possessing some remarkable properties. Its an- 
alysis afforded 

* 

Muriatic acid 48.74 

Sulphurous acid ----- 29.63 
x Carbonic acid (and loss) - - - 21.63 

■•— ^— ^" 

100. 

It appears, therefore to consist of ( two atoms of muriatic acid, one 
of sulphurous acid, and one of carbonic acid. 

* Journal of Science, &c. i. 67. 
Vol. l—Zz 
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DESCRIPTION OF THE PLATES. 



PLATE I. 



FIG. I. (a) A plain retort, the neck of which is shown introdu- 
ced a proper length into the month of a plain receiver b. The dot- 
ted lines at c show the receiver with the addition of a tubulure, into 
which either a stopper, or bent glass tube, may be occasionally 
fixed. 

Fig. 2. A glass alembic; a the body, and b the head, which are 
ground so as to fit accurately, and may be separated when necessa- 
ry. The head b is so shaped, that any liquid, which may be conden- 
sed, collect^ into a channel, and is carried by the pipe c into the 
receiver. 

Fig. 3. A separator, for separating liquids of different specific 
gravities. It is furnished witn a ground stopper at a, and a glass 
ptop-cock at b. The vessel is filled with the liquids that are to be 
separated (oil and water for example), which are allowed to stand 
till the lighter has completely risen to the top. The stopper a is 
then removed, and the cock b opened, through which the heavier li- 
quid descends ; the cock being shut, as soon as the lighter one is 
about to flow out 

Fig. 4. A glass vessel, termed a mattrass, useful for effecting 
the solution of bodies, which require heat before they can be dissol- 
ved, or Ions continued digestion, see vol. i. p. 31. The upper extrem- 
ity of the long neck generally remains cool, and allows the vessel 
and its contents to be shaken occasionally. 

Fig. 5. A glass bottle with a very thin bottom, and a projecting 
ring round the neck for suspending it over a lamp. These are use- 
ful for effecting solutions on a small scale. 

Fig. 6. An apparatus contrived by Mr. Pepys,/or ascertaining 
the quantity of carbonic acid discharged from any substance by the 
addition of an acid. It consists of a bottle closed by a ground stop- 
per. This stopper is perforated, and forms the lower part of a tube, 
which is twisted into the shape of a still-worm. In this worm, any 
water that escapes along with the gas, is condensed, and falls down 
again into the bottle. The experiment is made precisely as desert 
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bed, vol. i. p. 241 ; and tha loss of weight is determined at the close 
of the effervescence. 

Fig. 7. Mr. Leslie's differential thermometer described, vol. 
i. p. 80. 

Fig. 8. (a) An air thermometer, for ascertaining the temperature 
of liquids. It consists of a bottle, parti y filled with any coloured li- 
quid, and partly with air, a glass tube of small bore, open at both 
ends, being either cemented or hermetically sealed into the bottle, 
so that its lower extremity may nearly touch the bottom of the bot- 
tle. The expansion of the included air, on the application of heat, 
drives the coloured liquid up the tube, and to an extent which may 
be measured by the application of a scale. The fig. b is another va- 
riety of the same instrument, described vol. i. p. 80. 

Fig. 9. The original air thermometer of Sanctorio ; see vol. i, 
p. 80. 

Fig. 10. A bent funnel for introducing liquids into retorts, with- 
out soiling their necks. 

Fig. 11. An adopter . The wider end admits the neck of a re- 
tort ; and the narrower is passed into the mouth of a receiver. 

Fig. IS. A section of an evaporating dish of Wedgwood's ware. 
Under this, figure is a representation, without any number attached 
to it, of a small prong with a wooden handle, for holding an evapora- 
ting glass over a lamp. 

Fig. 13. (a) A tubulated retort luted to (b) a quilled receivers 
the pipe of which enters the neck of a bottle (c) supported by a block 
of wood. 

Fig. 14. Different forms of jars for precipitations, with lips conve- 
niently decanting the fluid from the precipitate. 

Fig. 15. A tube blown in the middle into a ball, for dropping li- 
quids. The ball is filled by the action of the mouth applied to the 
upper orifice, while the lower one is immersed in the liquid. To 
the former the finger is then applied ; and, on cautiously removing 
it, the liquid is expelled in drops. 

Fig. 16. A bottle for ascertaining the specific gravity of li- 
quids. When filled up to a mark in the neck, with distilled water 
of a given temperature, it should hold 1000, 2000, or any even num- 
ber of grains. The quantity, which it is found to contain, of any- 
other liquid of the same temperature, shows the specific gravity of 
the latter. For example, if it hold 1000 grains of water, and 1850 
of sulphuric acid, the specific gravity of the latter is to that of water 
as 1850 to 1000. 

PLATE II. 

Fig. 17. An apparatus for procuring gases, without the possibility 
of their escaping into the room during the process, a circumstance 
which is of considerable importance, when the gas has an unpleasant 
smell or deleterious properties. Suppose that sulphurated hydro- 
gen gas is to be obtained from sulphuret of iron and diluted sulphu- 
ric acid. The sulphuret of iron, in coarse powder, is put into the 
body of the gas bottle c, with a proper quantity of water. The; acid 
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holder a is filled with diluted acid, the cock b being shut, and is 
then fixed into the tubulure of the gas bottle, to which it is accu- 
rately adapted by grinding. The bent tube d being made to termi- 
nate under a receiver filled with, and inverted in water, the perfor- 
ated cock b is gradually opened, in consequence of which the acid 
descends into the gas bottle ; and acts on the sulphuret of iron. If 
it be found necessary to renew the acid, without disturbing the ap- 
paratus, this may be done as follows. The cock b being shut, the 
stopper, which closes the acid holder, may be removed, and fresh 
acid be poured in, through the aperture. This may be repeated as 
often as is found necessary. The acid holder may be advantage- 
ously adapted, also, to a retort for certain distillations, such as that 
of muriatic acid. 

Fig. 18. A plain gas bottle with sigmoid tube, the end, which is 
received into the bottle, having a ground stopper accurately fitted 
to the neck. For ordinary purposes (such as obtaining hydrogen 
gas from diluted sulphuric acid and iron filings) this apparatus an- 
swers perfectly wel I, and is much less costly. It is frequently made 
with a tubulure and glass stopper, and is then called a tubulated gas 
bottle. 

- Fig. 19. A gas funnel, useful in transferring any gas, from a wide- 
mouthed vessel into a jar of narrower diameter, or into a bottle. 
When employed for this purpose, it is held inverted, as shown by 
the figure, the pipe being admitted into the aperture of the bottle or 
jar, which -is filled with and inverted in water, and the gas being- 
made to pass into it in bubbles. 

Fig. 20. Dr. Hope's Eudiometer. The manner of using it has al- 
ready been described, vol. 1. p. 135. 

Fig. 21.. A modification of Dr. Hope's Eudiometer' described, vol. 
i. p. 136. 

Fig. 22. A gas receiver, into the neck of which is cemented a 
brass cap, with a female screw for receiving a stop-cock. The ves- - 
sel b is a glass flask, which may be made to communicate with the 
interior of the jar a, by opening the cock. When the apparatus is 
used, it is necessary to employ two stop-cocks, and not -one only, as 
represented by the figure. Supposing that the weight of any gas is 
to be ascertained, the flask b is exhausted, by screwing it on the 
transfer of an air-pump; and, if great accuracy be required, it is 
proper to enclose a gage in the vessel. Let the flask be weighed | 

when exhausted ; then screw it upon the top of the receiver, cob- .' ;| 

taining the gas which is to be weighed ; and open the communica- 
tion, observing, by using a graduated jar, how much gas has been ad- 
mitted. Suppose this to be 50 cubic inches. By weighing the flask 
again when full, we determine the weight of 50 cubic inches of the 
gas under examination. The experiment should be made when the 
temperature of the room is 60°, and when the barometer stands at 
29.8. 
Fig. 23. A plain jar for receiving gases, with a ground stopper. 
Fig. 24. An eudiometer for trying the purity of a mixture of gas- 
es containing oxygen gas, by means of nitrous gas. The process 
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Fig. 25. (a) A bottle and tube' for directing a small stream or » 

few drops of water on any object S m ° r a 

Fig. 25. (ft) A. bottle with an elongated stopper by means of 

flnt t r nS fl ?"*¥*! H" A «a betaken PlEdto 
tall into any fluid under examination. . t0 

, ult'^e' An a PP aratus ,. f <» r showing that caloric exists in eases in 

vol fp. nT C aPPliCati ° n ° f ' tha8> ^» already SefcSd, 

b J/vd 2 i! p A " ,? ParatUS f ° r drjrin S Precipitates by steam, descri- 

J^&Csis^at^ ascertaining the strength of acids 

otlfer 6 inflamml^ 1°*** f « r k ex P Iodin g »«tum of hydrogen and 
EX2n%tJTS3?i.yg; "* -mmonl/teTled the 

PLATE HI. 

fij^i? 0- TH ° < ? nmon form ofa Woalfrt apparatus. In this 
figure the retort « is represented plain, but it is better to employ a 

Kvol i.°p ne si. hC U8C ° f thiS apparatus has a,readv been SZt 

i Vl % 3 }' ^ m x odifi e cati<m ° f the apparatus, which has been already 
described. In this figure, the mercurial trough is shown with a S 
standing inverted in it, for the purpose of receiving any gas t£t 
may escape condensation by water. S 7 g ™ 

bedUol?!: p M 3U Pepy8 ' 8 im P meiaaA of Woulfe's apparatus descri- 

PLATE IV. 

Figs. 53 and 34. Cutlibertson's apparatus, for exhibiting the com- 
position of water, with the substitution of gazometers for the re- 
ceivers originally employed by him. The apparatus has been de- 
scribed, vol ,. p. 146. Fig. 33 is an enlarged view of the conical 
brass piece, which ,s cemented into the bottom of the receiver, 
and through which the gases are conveyed. 

tkK^jpSK* of the mo8t 8imp,e Md common consW 

Fig. 36. A gas holder, described, vol. i. p. 113. 

i\I T ' S7 ' A S aIvani 5 trou 6 h '.see ™t- i- P- 160. The tube b shows 
the arrangement for decomposing water. The upper wire may be 

Z^Wi:' thetubefand the lower off^S SS 

csca£ A Ch * h ° a £ haVC •* SttUil } 8lit cut in if » t0 »"°» ^e water to 
escapes drops as the gas is produced. ' 
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Fig. 38. The manner in which a candle may be burned in oxygen 
gas ; see vol. i. p. 125* 

Fig. 39. The combustion Qf iron wire in oxygen gas. 

Fig. 40. Apparatus for decomposing water over red -hot iron or 
charcoal ; see vol. i. p. 149, 150. 

Fig. 41. An apparatus for showing the diminution effected in the 
volume of hydrogen and oxygen gases by their slow combustion ; 
see vol. i. p. 141. 

Fig. 4$. A very simple and cheap contrivance for freezing quick- 
silver by muriate of lime and snow. The outer vessel of wood may 
be twelve and a half inches square, and seven inches deep. It should 
have a wooden cover, rabbeted in, and furnished with a handle. 
Within this is placed a tin vessel b b, standing on feet which are 
one and a half inch high, and having a projection at the top, half an 
inch broad, and an inch deep; on which rests a shallow tin pan c c. 
Within the second vessel is a third d 9 made of untinned iron, anil 
supported by feet, two inches high. This vessel is four inches 
square, and is intended to contain the mercury. When the appa- 
ratus is used, a mixture of muriate of lime and snow is put into the 
outer vessel a a, so as completely to surround the middle vessel b b. 
- Into the latter, the vessel d, containing the quicksilver to be frozen, 
previously cooled down by a freezing mixture, is put ; and this is 
immediately surrounded by a mixture of snow and muriate of lime, . 
previously cooled to 0° Fahrenheit, by an artificial mixture of snow 
and common salt. The pan c c is also filled with these materials, 
and the wooden cover is then put into its place. The vessels are 
now left till the quicksilver is frozen. A more elegant, but more 
expensive apparatus, by Mr. Pepys, intended for the same purpose, 
is figured in an early volume of the Philosophical Magazine. 

Fig. 43. A wire stand, consisting of an interior circle, and three 
straight pieces of wire proceeding from it in the same plane. Its 
use is noticed, vol. i. p. 126. 

Fig. 44. Sir H. Davy's apparatus for the analysis of soils de- 
scribed in his paper, which is copied into the third part of this work. 

PLATE V. 

Fig. 45. Pictet's arrangement of an apparatus for showing the 
radiation of caloric, unaccompanied by light ; see vol. i. p. 86. 

Fig. 46. An oval copper boiler, for exhibiting the most important 
facts respecting latent caloric. The size of its different parts (ex- 
cept the width, which is 4 inches) may be learned from the scale af- 
fixed to the plate, which is abundantly sufficient to enable any in- 
telligent workman to construct the apparatus. The collar joint and 
stuffing box, however, it is indispensably necessary to describe, es- 
pecially as the former article of apparatus is generally constructed 
on a bad plan. 

Fig. 47 is a section upon a larger scale, of the collar joint at b 
(fig. 46), made for the convenience of screwing together long or 
crooked metal tubes, without turning them round: a is a section of 
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the end of one of the tubes, and b that of the other which is to be 
attached to it ; c is a collar which turns loose upon the shoulder of a, 
and screws upon b. By screwing this collar upon b, the end ee of 
the tube a is brought to press upon the part d d of the tube b, without 
turning roiwid either of those tubes. If upon d be laid a ring of 
linen cloth soaked in boiled linseed oil, the, joint, when screwed up 
(if tolerably Well made), will be impervious to steam as well as to 
water or air. The projection at d is for preserving the ring of cloth 
from being displaced, and for guiding the ends of both tubes, so as 
to meet properly. 

Fig. 48 is a section of a socket, for fixing the stem of a ther- 
mometer into a boiler or a digester, where there is much heat and 
pressure ; b is a socket fixed on the outside of the boiler or digester, 
naving a hole through it large enough to admit the bulb of the ther- 
mometer ; a is a plug which screws into b, having a hole through its 
centre large enough to admit only the stem of the thermometer ; c c 
is a loose round plate, concave on the upper side, having a hole 
through its centre just sufficient also to admit the stem of the ther- 
mometer. When the instrument is to be inserted, the plug a % and 
the plate c, must both be taken out of the socket. The bulb is then 
passed through it. The plate c is next slipped over the stem, and 
dropped into its place* . Some flax, soaked in linseed oil, must next 
be wrapped round the stem, so as nearly to fill the socket. The 
plug a must then be screwed in, till the flax be compressed so as to' 
make the whole sufficiently tight. The opposite surfaces of the plate 
c, arid the plug a are made concave, for tne purpose of compressing 
the flax round the stem of the thermometer. 

PLATE VI. 

Figs. 49, 50, 51. Sections of crucibles. 

Fig. 52. A muffle ; see vol. i. p. 29. 

Fig. 53.- Stands for raising tne crucible above the bars of the 
grate; a one adapted to Mr. Aikin's blast furnace; b one of the 
common form. 

Fig. 54. A skittle-shaped crucible. 

Fig. 55^ Mr. Aikin's portable blast furnace. It is composed of 
three parts, all made out of the common thin black-lead melting pots, 
sold in London for the use of the gold-smiths. The lower piece c 
is the bottom of one of these pots, cut off so low as only to leave a 
cavity of about an inch, and ground smooth above and below. The 
outside diameter over the top is five and a half inches. The middle 
piece, or fire-place a, is a larger portion of a similar pot, with a 
cavity of about six inches Jeep, and measuring seven and a half 
inches over the top, outside diameter, and perforated with six blast 
holes at the bottom. These two pots are all that are essentially ne- 
cessary to the furnace for most operations ; but when it is wished to 
heap up fuel above the top of a crucible contained within, and es- 
pecially to protect the eyes from the intolerable glare of the fire 
when in full heat, an upper pot b is added, of the same dimensions 
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as the middle one, and with a large opening in the side, cut to allow 
tho exit of the smoke and flame. It has also an iron stem, with a 
. wooden handle (an old chisel answers the purpose very well) for re- 
moving it occasionally. 

, The bellows, which are double (d) 9 are firmly fixed by a little con- 
trivance which will take oft* and on, to a heavy stool, as represented in 
the plate ; and their handle should be lengthened so as to make them 
work easier to the hand. To increase their force on particular oc- 
casions, a plate of lead may be firmly tied on the wood of the upper 
flap. The nozzle is received into a hole in the pot c, which conducts 
the blast into its cavity. From hence the air passes into^the fire- 
place a, through six holes of the size of a large gimlet, drilled at 
equal distances through the bottom of the pot ; and all converging in 
an inward direction, so that if prolonged, they would meet about the 
centre of the upper part of the fire. Fig. 56 shows the distribution 
of these holes in the bottom. The large central hole is intended to 
receive the stand a, fig. 53, which serves for supporting the crucible. 
No luting is necessary in using this furnace, so that it may be set 
up and taken down immediately. Coke or common cinders, taken 
from the fire when the coal just ceases to blaze, sifted from the dust, 
and broken into very small pieces, forms the best fuel for higher 
heats. The fire may be kindled at first by a few lighted cinders, and 
a small quantity of wood-charcoal. 

The heat whioh this little furnace will afford is so intense, that its 
power was, at first, discovered accidentally by the fusion of a thick 
piece of cast iron. The utmost heat procured by it was 167° of 
Wedgwood's pyrometer piece, which was withdrawn from a Hessian 
crucible, when actually sinking down in a state of porcellanous fu- 
sion. A steady heat of 155° or 160° may be depended on if the fire 
be properly managed, and the bellows worked with vigour*. 

By a letter from Mr. Aikin, I have learned, also, a convenient way 
of exhibiting, in a lecture, and performing at other times, the pro- 
cess of cupel! ation, by means of this furnace. It consists in caus- 
ing a portion, of the blast to be diverted from the fuel, and to pass 
through a crucible in which the cupel is placed. This arrange- 
ment supplies air; and the whole may be seen by a sloping tube 
run through the cover of the crucible. Fig. §7 shows the furnace, 
when used for this purpose ; a a the furnace ; b the perforated stop- 
per for the central blast ; c c a portion of earthen tube, through 
which the air passes, and is heated during this transit ; e a piece of 
soft brick perforated to admit the earthen tube/, which may be kept 
open for inspecting the process. No luting is required, except to 
join / to e. ^ 

Fig. 58. Knight's portable- furnacet, composed of strong iron 
plate lined with fire lute, the inside diameter six inches : a shows 
the grate ; b the ash pit door ; d the door of the fire-place when used 

r 

* See Philosophical Magazine, vol. xvii. p. 166. 
■j- This furnace is also* described in vol. i. p. 2, 3. 

Vol. I.— 3 A 
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as a sand heat ; e e two holes opposite to each other for transmitt- 
ing a tube ; g an opening for a retort neck, when used for distilling 
with the nakeid fire. 

Fig. 59. A different view of the same furnace ; a the grate ; c 
the register to the ash pit ; / a small door, with a contrivance for 
supporting; a muffle. The other letters correspond with the expla- 
nation of the preceding figure. 

For this furnace the proper fuel when it is used as a wind furnace, 
is wood-charcoal, either alone, or with the admixture of a small pro- 

f portion of coke. For distillation with a sand heat, charcoal, with a 
ittle pit coal, may be employed. 

PLATE VII, 

Fig. 60 represents a fixed furnace, which I find very useful, be- 
cause it may either be employed as a wind furnace or for distillation 
with a sand heat. Its total height outside is thirty-three inches, and 
the outside square is eighteen inches, or two bricks laid lengthwise^ 
The thickness of the sides of the furnace is the breadth of a brick, 
or four and a half inches ; but whenever there is room, it is better t» 
make them nine inches in thickness. From the top of the furnace to 
the grate, which is moveable, and supported by two bearers, the 
height is thirteen inches ; and at c is a double Rumford door; or in 
preference, a hole closed by a moveable earthen stopper, for intro- 
ducing fuel. The ash pit should have a register door. The chim- 
ney is four inches wide by three high, and m;iy either be furnished 
with a damper or not. On the top of the furnace a cast-iron ring is 
fixed, ten inches inside diameter, three inches broad, and half an inch 
thick. It is secured in its place by three iron pins, passing through 
three equidistant holes in the ring, and bent at the distance of nine 
inches at a right angle. These serve the purpose of binding the ring 
firmly into the biick-work. The sand pots. are of different sizes; and 
a variety of them may be made to fit the same ring;, by varying the 
breadth of their rims, as shown fig. 71. The brick should be ce- 
mented together, at least for the inner half of their breadth, by loam, 
or by a mixture of Stourbridge clay, with two or three parts sand, 
and a proper quantity of water. 

When this is used as a wind furnace, thejopening in the side is to 
be closed by its stopper ; or, if a Rumford door be employed, it must 
be defended from the fuel by a fire tile. The fuel (coke) is introdu- 
ced at the top, which is occasionally covered by a fire tile. When 
distillation with a sand heat is performed, the sand pot rests on the 
iron ring, and the fuel, which may be common pit coal, is added 
through the opening in the side. It may be proper to state, that, in 
order to receive a sand pot of as large a size as possible, the upper 
course of bricks should be bevelled within the furnace; and the 
width at the top may exceed a little that at the grate. 

The best Stourbridge or Newcastle-on-Tyne fire-bricks are neces- 
sary in constructing this and the following furnaces. 

Fig. 61 is a longitudinal section of a wind furnace, invented by 
Mr. Knight, with an additional chamber for applying the waste heat 
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to useful purposes: a the internal cavity, which is square, for con- 
taining the fuel and the crucible : b the flue passing into a hot cham- 
ber c ; an appendage particularly useful for drying luted crucibles, 
or bringing them to a proper temperature for the furnace ; for roast- 
ing ores and various other purposes : d the flue connecting it with 
the vertical chimney e; which, to produce a strong heat, should 
never be less than thirty or forty feet high : // covers, consisting 
of twelve-inch Welsh tiles, with handles : g the stoke hole, through 
which no more of the fire is seen than what appears between the 
grate and the bearing bar h. This space is left for the double pur- 
pose of raking the fire, and occasionally taking out the bars : k the 
ash pit, which is sunk below the level of the ground, and is covered, 
where it projects at I, by an iron grating. 

The best situation for this furnace, is an angle of the laboratory, 
the chimney being in the corner, as represented in the sketch. By 
this arrangement, the operator is spared the disagreeable necessity 
of scorching his legs, by standing opposite the stoke hole, while the 
backs of his legs are exposed to a current of cold air rushing to the 
furnace. 

Figs. 62 and 63 are different views of a furnace invented by Mr. 
Knight, and convertible to various purposes. 

The inside of this furnace is nine inches square, and sixteen inches 
deep from the top to the grate. The face of the opening at g vises 
at an angle, which makes the back part five inches higher than the 
front. This contrivance enables us completely to cover a large re- 
tort with fuel, without obstructing the passage of the air, and also 
relieves partly the weight of the cover, when it requires to be moved. 
The walls of the furnace are at least a brick and a half thick, and as 
much more as local convenience will allow. By sinking the asji pit 
below the level of the ground, at i, the height of the furnace needs 
not exceed eighteen inches, which renders the management of the 
fuel much more easy, and subjects the face and hands less to the ac- 
tion of the heat. The ash pit a, must be at least eighteen inches 
deep, below the surface of the ground, and more if convenient. It 
roust have an opening, projecting from it three or four feet, to be 
covered with boards, ana with an iron grating next the furnace. This 
preserves the legs of the operator from the action of the fire. 

The grate b is formed of separate bars, each of a triangular shape, 
three fourths of an inch apart, and resting on two bearers. In the 
front of the furnace, an iron bar is to be placed to support the brick- 
work, and to leave an opening, through which the hars may occa- 
sionally be drawn out, and the fire rased and cleared of the slag. 
The chimney e is two and a half inches from the top, and four and a 
half wide by two and a half high. 

To fit this furnace for occasional distillation with the naked fire, 
an opening, d 9 fig. 62, is left on one side, which is filled up, when not 
wanted, by five pieces of soft fire-brick, "cut to a proper shape, and 
secured by a clay lute. It is proper, also, to be provided with other 
pieces, having arched openings for transmitting the neck of a retort. 
One of these pieces may have a round hole for occasionally trans^ 
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mitting a tube, and a corresponding hole, h, fig. 63, must then be 
made in the opposite side of the furnace, to be closed, when not 
wanted, with a stopper. 

Figs. 64 and 65 represent a sand heat, for containing flat evapo- 
rating vessels ; the depth from back to front two feet ; the width, 
agreeably to the scale, six feet. At the front is a rim four inches 
deep, consisting of a piece of iron plate, which is fastened at each, 
end into the wall. Tne floor or bottom, e e, is formed of cast-iron, 
plates, which rest upon each other in corresponding rabbets. The 
advantage of several small plates, over one large one, is the cheap- 
ness and facility, with which they are replaced, if cracked by the 
heat, an accident of not unfrequent occurrence. The joints are se- 
cured by a fire lute, which effectually prevents the sand from falling 
through. The fire place is shown by o; at the bottom it has a grate 
ten inches long, by eight wide. The flame and smoke circulate first 
through the flue c, and then through the returning flu© d, which con- 
veys the smoke to the chimney g. In constructing the flue beneath 
the grate, a row of bricks, set edgeways, answers the purpose, and 
serves also to support the inner edge of the plates. 

It is adviseable to cover the sand heat with a sloping roof, which 
may be formed of lath and plaster, and supported by side walls. 
The lowest part of the roof may be foremost, and about three feet 
above the edge of the iron plates. It is, also, necessary to have an 
air flue, nearly at the top or the back wall, under the dome or roof, to 
be closed occasionally by a door. This must open into the chimney, 
in which case it serves the purpose of carrying off noxious vapours* 

PLATE VIII. 

Figs. 66, 67, 68, are the section and plans of a reverberatory fur- 
nace for experimental purposes. In this furnace, the fuel is contained 
in an interior fire-place ; and the substance, to be submitted to the 
action of heat, is placed on the floor of another chamber, situated be- 
tween the front one and the chimney. The flame of the fuel passes 
into the second compartment ; by the form of which it is concentra- 
ted upon the substance exposed to heat, which is not confined in a 
separate vessel or crucible, but placed on the floor o£ the furnace. 
When reduced to a state of fusion, the melted mass is allowed to 
flow out through a tap-hole at h. The dimensions of this furnace it 
is scarcely possible to state, as they vary so considerably in different 
parts of it ; but they may be ascertained by referring to the figures, 
and by the application of the scale. In all three figures, a represents 
the ash pit ; b the grate composed of moveable bars ; c the door at 
which the fuel is introduced ; d a door in the side of the chamber, 
for the purpose of inspecting the process ; e the floor of the furnace 
which descends, and is gradually contracted towards the back part ; 
/ another door for introducing and stirring the materials ; g the 
, back part of the furnace, immediately under the chimney ; h the tap-* 
hole ; i the chimney. 

Figs. 69 and, TO, exhibit a cupelling or enamelling furnace. The 
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form of this should be ah oblong square ; its dimensions being regu- 
lated by that of the muffle, which should go home, to the> back, its 
front edge lodging on the mouth of the furnace. On each side of the 
muffle, two inches and a half must be left, to let the fuel pass readily 
underneath, where there should also be a similar space. A stoke hole 
must be left on the other side, but the situation of the view will not 
admit its being shown. Before the muffle, is a projecting ledge or 
shelf, shown at e, which is intended to support any thing that is to. 
be put into the muffle. Two twelve-inch tiles, woraed in along with 
the bricks, will answer this purpose. In both figures, a shows the 
ash pit ; c the grate ; d the muffle ; e the opening for introducing 
the muffle ; f the chimney, and g the cover. 
Fig. 71. Sand pots with rims of different sizes. 
Figs. 72, 73. Dr. Black's portable furnace, made of sheet iron li- 
ned with fire clay. Its dimensions, as they vary an almost every 
part, will best be learned from the scale; a the fire place; b the. 
chimney; c the ash pit; d the door of the ash pit; e a register for 
regulating the quantity of air admitted to pass through the fuel. 

Fig. 74. Mr. Chenevix's wind furnace. This is rudely sketched 
in Nicholson's Journal, from which the more accurate figure in plate 
viii. is taken. This furnace Mr.' Chenevix describes as follows : " I 
have constructed a wind furnace, which, in some respects, is prefera- 
ble to the usual form. The sides, instead of being perpendicular, 
are inverted ; so that the hollow space is pyramidal. At the bottom 
the space is twelve inches square, and at the top only eight. The 
perpendicular height is seventeen inches, from the top to the .grate. 
This form unites trie following advantages. 1. A large surface is ex* 
posed to the air, which, having an easy entrance, rushes through 
the fuel with great rapidity. 2. The inclined sides act as reverbera- 
tors. 3. The fuel falls of itself, and is always closf tathe grate." 

In the figure, a represents the grate ; c c are two bricks which call 
be let in at pleasure, to diminish the capacity: I is another grate 
whieh can be placed on the bricks c c, for occasional purposes i d d are. 
bricks, which can be placed on the grate b, to diminish the capacity: 
of this part of the furnace ; e the cover. Both set of bricks should' 
be ground to the slope of the furnace. 

In the construction of every furnace, which is intended to produce 
a strong heat, lime or mortar should be avoided, and the bricks should.' 
be set in loam, or Stourbridge clay, worked up with water and sand, 
inserting occasionally pieces of sheet iron, bent twice in opposite 
directions at right angles. The furnace should be allowed to remain 
some weeks, after setting up, before it is used ; and before raising , 
a strong heat, a gentle fire should be sometimes kindled in it, the 
strength of which may be gradually increased. When a strong 
blast is expected, it is necessary to bind the brick-work together, 
externally, by strong iron bars and plates, kept in their places by 
screws. The chimney should be nine inches wide, and raised to as 
great a height as circumstances will admit. . 

The coke of pit coal is the only fuel fitted for exciting an intense 
heat, and should be used in all cases,, except in the reverberatory, 
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and in distillations with the sand balh, when pit coal may be employ* 
ed. The* charcoal of wood is adapted principally to portable 
furnaces. 

PLATE IX. 

Fig. 75. The galvanic battery called couronne de tasses described 
vol. i. p. 161. 

Fig. 76. Apparatus for obtaining the elements of water in sepa- 
rate tubes ; see vol. i. p. 166. 

Fig. 77. The pile ot Volta; see vol. i. p. 160. 

Fig. 78. Section of a galvanic trough, to explain the theory of the 
excitation of galvanic electricity; see vol. i. p. 174. 

Fig. 79. Apparatus for obtaining oxygen and hydrogen gases, 
from separate quantities of water not in contact with each other ; 
see vol. i. p. 167. 

Fig. 80* Two agate cups connected by moistened amianthus ; 
see vol. i. p. 168. 

Fig. 81. Two gold cones similarly connected, ibid. 

Fig. 82. Agate cups similarly connected with an intermediate ves- 
sel i ; see vol. i. p. 169: 

Fig. 83. Apparatus for procuring potassium from potash and iron 
filings described vol i. p. 184. 

Fig. 84. Apparatus tor firing gases by electricity, or submitting 
them to electrical discharges, vol. i. p. 115. 

Fig. 85. Pepys's improved gas-holder ; a a sma]l iron retort placed 
in the fire with a jointed conducting tube b, which is admitted into 
the vessel at c. This is shown on a larger scale in a different part 
of the plate. The letter d is placed on the body of the reservoir, and 
near the central ppe, which descends from the cistern c to nearly the 
bottom of the vesiel. At /a glass tube is fixed, which shows the 
height of the watei within the vessel. When ajar is intended to be 
filled with gas frtm the reservoir, it is placed, filled with water 
and inverted in theVisterni. The cocks 1 and 2 being opened, the 
water descends through the pipe attached to the latter, and the gas 
rises through the cocV 1. By raising the cistern c to a greater el- 
evation, any degree of pressure may be obtained ; and a blow-pipe 
may be screwea on th^ cock at the left side of the vessel* 
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PLATE X, 

Fig. 1. A view of Glauber's apparatus for distillation* 
a. The ash-hole of the furnace. 
b c. The door of the furnace. 
d. An opening for a sand bath. 
/. A pipe, going from the distilling vessel. 
g. The first crooked pipe, fitted to the pipe /. 
h. A receiver fitted to that pipe, and set in a tub of water, for ac- 
celerating the operations : which receiver hath a cover with two holes, 
through the first whereof goeth a single crooked pipe, and through 
the other two crooked pipes, whereof one goeth into the receiver, as 
did the single, and the other out of the receiver h f into h h $ i the 
tub of water ; m a third pipe. By this way flowers are sublimed, and 
spirits distilled speedily, and in great quantity. 

Fig. 2. Mr. William Hembel, jr's. apparatus for distillation. 
" A Woulfe's apparatus" (says this gentleman, in the note he has 
given in the American edition of the New Edinburgh Encyclopaedia, 
vol. 5, p. 802) " with tubes of safety may answer very well for de- 
monstrations at a public lecture : but, for processes in which consi- 
derable quantities of gas are evolved, and the saturation is to be ef- 
fected under great pressure, they are totally inadequate. If the lower 
orifice of the tube is much immersed below the surface of the liquid, 
the 'accumulated gas will act similar to condensed air in the experi- 
ment of the hydrostatic fountain, and force the liquid out of the bot- 
tle until the orifice of the tube is exposed ; then the gas will also es- 
cape ; thus occasioning a double loss of products, and that whether 
straight or Welter's tubes be used. 

" Plate CXLII. No. 2. fig. 4. represents our method of connecting 
any number of bottles, by which tubes of safety are superseded ; yet 
the liquid can be saturated with ga§, by as much pressure as the te- 
nacity of the glass will resist : with the further advantage of being 
able to change the surface of the liquid at pleasure, without injury 
to the product. 

" The apertures of the tubes h, k, m, o, merely perforate their re- 
spective corks; whilst the tubes i, I, n f &c. descend very near the 
bottoms of the bottles. Into the bottle c, a small quantity of water 
is introduced, to engage the impure gas which may come over. The 
bottles e and g, contain the liquid to be saturated with the gas ; — a 
similar arrangement of long and short tubes are to be used For any 
additional number of bottles. 

" On introducing into the retort, the substance from which the gas 
is to be extricated, and adding an acid, an action will take place. 
The evolved gas will pass through the liquid in the bottles as usual. 
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When the gas ceases to be further evolved, a condensation will take 
place in the retort; then the liquid in the bottle c, e and g t will 
yield to the pressure of the incumbent atmosphere, (acting through 
the aperture of the tube o,) and pass into the bottles b, d and /. But 
as the apertures of the short tubes h, k and m, terminate with the 
lower surface of their respective corks, and the liquid in the bottles 
does not reach those apertures, the liquid can pass no further. 

" It will then be only necessary to excite a fresh action by adding 
more acid in the retort, when the gas will accumulate in the receiver 
and empty part of bottle b. When the elastic force of the accumu- 
lated gas is sufficient to support a column of the liquid, equal to the 
height of one leg of the tube i, the liquid will rise and pass into the 
bottle c, the gas will follow and pass in the bottle d, ana by pressing 
on the surface of the contained liquid will force it over into the bot- 
tle e, after which, the liquid in/ will be forced in g 9 when the pro- 
cess of saturation will go on as before. 

^ " There will be a great economy of acid, if the subsequent addi- 
tions are not added until after an absorption has taken place, as the 
surface of the liquid will thereby be frequently changed, and the ab- 
sorption of gas considerably accelerated.— For saturating water with 
muriatic and ammoniacal gas, or preparing hyper-oxy-muriate of pot- 
ash on a large scale, demijohns may be substituted for the bottles d, e, 
/, &c."* Hembel, jun. 

Fig. 3. Dr. Wollaston's cryophorus. * 

Fig. 4. Apparatus for impregnating water with oxy-muriatic acid 
gas. 

Fig. 5. Apparatus for extricating phosphureted hydrogen gas. 
a Is a block of wood, shaped as in the engraving ; the inclined 
plane of which is hollowed out in the middle, to receive the neck of 
the retort; 6 b strings, or other contrivance for fastening down the 
retort, after the materials are introduced. The figure sufficiently 
explains the other intentions to be answered in the operation. 

Fig. 6. A very convenient table furnace. 
, It is simply a large earthen pot, such as is in constant family use 
turned upside down. Before the pot is baked, an opening is cut in 
its side, as represented in the plate ; another opening (circular) is 
made in the bottom (the top of the furnace), and severalsmaller ones 
near the bottom, for permitting the smoke,' &c. to escape. Such a 
furnace can be readily procured for 25 or 30 cents of any potter; 
and is an excellent substitute for those of a more costly nature. It 
may be used for a great variety of purposes/ requiring only a lamp 
heat. It will answer for the purposes of analysis ; for distilling most 
of the acids, and indeed for almost every common occasion. Two 
or three of different heights, and with holes of various sizes at the 
bottom, will be found adapted for nearly every purpose. 

* It may not be improper here to remark, that the above description is ren- 
dered useless in the Encyclopaedia, owing to the engraving of the apparatus 
being defective in the letters of reference — and it would be obviously judi- 
cious in the editors to cancel the present plate and replace it by one more 
perfect. C. 



PLATE XL 

Account of th. WoUastori's Scale of Chemical Equivalents, from 
Thomson's Jin. of Phuos. vol. 4, p. 176.* 

This scale is of so much convenience to the practical chemist, 
that I seize the earliest opportunity to make it known to my rea- 
ders in general. It gives the. composition of any weight whatever 
•of any of the salts contained on the scale, the quantity of any other 
salt necessary to decompose it, the quantity of new salt that will be 
'formed, and many other similar things, which are perpetually oc- 
curring to the practical chemist, and cannot be answered without 
an arithmetical calculation. I have used such a scale for above six 
•months, and found it attended with numberless advantages. I can- 
. not undertake to explain the, instrument, either more clearly, or in 
fewer words, than Dr. Wollaston himself has done in his own paper. 

• I conceive, therefore, that the best thing I can do is to present my 
readers with the following extract from that paper, which contains . 
*the most material part of it, as far. as the.eiplanationof theinstrp- 

• went is concerned:— 

" It i&tiot my design, in the table which follows this paper, to at- 
tempt a complete enumeration of all those elements or compounds 
which I suppose to be well ascertained, but merely to include some % 
of those which most frequently occur. I do not offer it as an at- 
tempt' to correct 'the estimates that have been formed by others, 
but as a method in which their results may be advantageously 
applied in forming an easy approximation to any object of our 
inquiries. 

" The means by which this, is effected may be in part understood 

• by inspection of the Plate [II.], in which will be seen the list of 
substances intended .to be estimated, arranged on one or the other 
side of a scale of numbers in the order of their relative weights, and 
at such distances from each other, according to their weights, that 
the series of numbers placed on a sliding scale can at pleasure be 
moved, so that any number expressing the weight of a compound 
may be brought to correspond with the place of that compound in 
the adjacent column. The arrangement is then such, that the 
weight of any ingredient in its composition, of any re-agent to be 
employed, or precipitate that might be obtained in its analysis, will 
be found opposite to the point at which its respective name is 
•placed. 

" In order to show more clearly the use of this scale, the. Plate 
exhibits two different situations of the slider, in one of which oxy- 

* Dr. YVollastou'8 paper b published io the. Philosophical Trauwaciiwn 
for 1314, parti. 

vol. ib a 
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§en is 10, and the other bodies are in their due proportion to it, go 
lat carbonic acid being 27.54, and lime 35.46, carbonate of lime is 
placed at 63. 

"In the second figure, the slider is represented drawn upwards 
till 100 corresponds to muriate of soda; and accordingly the scale 
then shows how much of each substance contained in the table is 
equivalent to 100 of common salt. It shows, with regard to the 
different views of the analysis of this salt, that it contains 46.6 dry 
muriatic acid, and 53.4 of soda, or 39.8 sodium, and 13.6 oxygen; 
or if viewed as chloride of sodium, that it contains 60.2 chlorine, 
and 39.8 sodium. With respect to re-agents, it may be seen that 
283 nitrate of lead, containing 191 of litharge employed to separate 
the muriatic acid, would yield a precipitate of 237 muriate of lead, 
and that there would then remain in solution nearly 146 nitrate of 
soda. It may at the same time be seen, that the acid in this quan- 
tity of salt would serve to make 232 corrosive sublimate, containing, 
185.5 red oxide of mercury, or would make 91.5 muriate of ammo- 
nia, composed of 6 muriatic gas (or hydro-muriatic acid), and 29.5 
ammonia. The scale shows also, that for the pupose ot obtaining 
the whole of the acid in distillation the quantity of oil of vitriol re- 
quired is nearly 84, and that the residuum of this distillation would 
be 1 22 dry sulphate of soda, from which might be obtained, by crys- 
tallization, 277 of Glauber salt, containing 155 water of crystalliza- 
tion. These and many more such answers appear at once by bare 
inspection, as Soon as the weight of any substance intended for ex- 
amination is made by motion of the slider correctly to correspond 
with its place in the adjacent column. 

" With respect to the method of laying down the divisions of this 
scale, those who are accustomed to the use of other sliding-rules, 
and are practically acquainted with their properties, will recognise 
upon the slider itself the common Gunter's line of numbers, (as it is 
termed), and will be satisfied that the results which it gives are the 
same that would be obtained by arithmetical computation. 

" Those who are acquainted with the doctrine of ratios, and with 
the use of logarithms as measures of ratios, will understand the 
principle on which this scale is founded, and will not need to be 
told that all the divisions are logometric, and consequently that the 
mechanical addition and subtraction of ratios here performed by 
juxta-position, correspond in effect to the multiplication and divi- 
sion of the numbers by which those ratios are expressed in common 
arithmetical notation. 

" To others who are not equally conversant with the nature of 
logarithms, and consequently have not so correct a conception of 
the magnitude of ratios, some further explanation of the mode in 
which tne scale of equivalents. is constructed, will, I presume, be 
acceptable. / 

" They will observe, that the series of natural numbers are not 
placed at equal intervals on the scale; but that at all equal inter- 
vals are found numbers wjrich bear the same proportiou to each 
other. In fig. 3, some of the larger intervals alone are represented 



CHEMICAL EQUIVALENTS. ifi 

on a line similarly divided. The succession of intervals, marked 
A, B,C,D,E,areall equal, and at these points of division are placed 
numbers 1, 2, 4, 8, 16, which increase progressively by the same 
ratio. And since the series 3: 6: 12: 24 increase in the same 
ratio of 1 to 2, these intervals a, b, c, d, e, are the same as the for- 
mer. At another succession of different yet equal intervals, marked 
F, G, H, I, are placed numbers 1, 3, 9, 27, winch increase regularly 
by an equal ratio of 1. to 3; and by means of a pair of compasses it 
would be found that the interval from 2 to 6, or from 6 to 18 (which 
are the same ratio of 1 to 3), is exactly equal to F G, the interval be- 
tween 1 and 3.' As any single space represents any one ratio, so 
the sum of any two or three equal spaces represent a double or 
triple ratio. If 1 be increased three times by the ratio of 1 to 2, it 
becomes 8, which bears to 1 triple the ratio of 2 to 1. This ratio is 
therefore represented by A D, which is the triple of A B. 

" The distances of the intermediate numbers 5, 7, 10, 1 1, 13, &c. 
from 1 are likewise made proportional to the ratios which they bear 
to 1, and are easily laid down by means of a table of logarithms; for 
as these are arithmetic measures of the ratios which all numbers 
bear to unity, the space proportionable to them become linear re- 
presentations of the same quantities. 

" As the entire spaces A D, A E, represent the ratios of 8 and of 
16 respectively to 1, so the difference D E represents the ratio of 8 
and 16, which stand at D and E, to each other. And in the same man- 
ner any other space, k l 9 represents correctly the ratio of 7 to 13; 
so that the measure of a fraction expressed by quantities that are 
incommensurate is rendered as obvious to sight as that of any simple 
multiple. And if a pair of compasses be opened to this interval, 
and transferred! to any other part of the scale, the points of the com- 
passes will be found to rest upon numbers bearing the same pro- 
portion to each other as those from which the interval was trans- 
ferred. 

** It is exactly in this manner that the various points in the column 
of equivalents indicate the several quantities sought in any g^ven 
position of the slider. The relative distances, at which thfe articles 
are placed, represent so many different openings of the compasses 
rendered permanent and presented to view, at once. In the table, 
which I shall place at the ehd of this communication, the relation 
of the various substances enumerated to each other is expressed by 
numbers.* In the engraved scale of equivalents, the ratios of these 
numbers are represented by logometric intervals at which th«y are 
placed, their several positions being determined by those of their 
respective numbers on the slider, which is logometrically divided. 
Consequently all the several points in the column of equivalents 
will indicate numbers in the same due proportions to each other, 
whatever part of the scale may be presented to them. Those who 
seek information may obtain it by inspection; those who" already 

* This has reference to the Philosophical Transactions. Dr. Thomson 
has not introduced the table in his Annals. C. • 
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Sossess it may be able to correct the positions of some articles by 
irect comparison with the best analyses upon record, in whatever 
numbers the results of those analyses may happen to be expressed." 



A Substitute for Woulfe's or Nooth's Apparatus, by Robert Hare* 
M. D. Professor of Chemistry in the Judical Department of the 
University of Pennsylvmia,and Member of various Learned and 
Scientific Societies. With a plate. 

Few subjects have more occupied the attention of chemists* 
than the means of impregnating fluids with gaseous substances, 
The contrivances of Woulfe and Npoth, especially the former, 
have been almost universally used; and have gained for the invent* 
ors merited celebrity. Various improvements in Woulfe's bottles 
have been devised. Still I believe an apparatus replete with simi- 
lar advantages, but less unwieldy > less liable to fracture; and hav- 
ing fewer junctures to make at each operation, has been a great 
desideratum with every practical chemist. It has, however, ceased 
to be so with me, since I contrived the apparatus which I am about 
to describe. 

. Fig. 1. represents S jars placed concentrically within each ofli.er^ 
and so proportioned and situated, as to admit two open-necked 
concentric bell glasses alternatively between them. The neck of 
the exterior beliglass is introduced into the tubulure of the re- 
ceiver above, ana receives the neck of the interior bell glass. Into 
this is inserted a trumpet-shaped tube. The two interior jars are 
furnished with feet F,/. In order to put this apparatus into ope- 
ration, remove (without taking them apart) the bell glasses, re- 
ceiver, and tube from the jars. Pour into the latter the fluid, to 
be impregnated, till it reaches the height marked by the dots. The 
funnel mouth, m, of the receiver being provided with a suitable 
cork soaked in wax, fasten into it firmly the beak of the retort, 
containing the generating materials. The bell glasses are then to 
be replaced in trie jars, and arranged as in the figure. It must be 
self-evident that the gas proceeding from the retort, (if the juncture 
at fti be, air tight) must press on the fluid in the innermost jar, 
through the trumpet-shaped tube. If not imbibed with adequate 
speed, it must soon press on the fluid at a, causing it to subside to . 
the narrow part of the foot /, and thus to expose a much larger 
surface. If the absorption be still inadequate, a further subsidence 
must ensue, and the gas escaping round the brim of the interior 
bell glass will act on the fluid: at b, and enlarge its surface by de- 
pressing it to the narrow part of the foot F. Should the increased 
pressure and more extended contact thus obtained, be still incom- 
petent to effect a complete absorption, the excess of the gas may 
escape round the brim of the external bell glass into the atmos- 
phere. 
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But 80 effectual is this process in promoting impregnation,. that 
I have obtained strong muriatic acid in the central jar, without 
producing any sensible acidity in the outside one. Absorption 
into the retort or receiver, is prevented by not allowing as much 
fluid to be above the mouth of the trumpet-shaped tube, as 
would be competent to fill the cavity between it, and the termina- 
tion of the open neck of the exterior bell glass at t. As this neck 
rises about 2 or S inches into the receiver, it prevents any foul 
matter which may condense or boil over, from getting into the jars/ 
If practicable, it would be better that the bell glasses, and tube, 
apa receiver, should be united together while not, at the glass- 
house. If all could not be joined in this way, it would still be ad- 
vantageous to unite thus the receiver, and the exterior bell glass. 
The interior bell and tube might then be fastened together, by 
grinding or luting. As yet I nave only used lutings of waxed 
cloth, or cork. It may be proper to point out, that 3 or more con- 
centric bell glasses, and 4 or more jars, might be used. The union 
of the bells, receiver, and tube once effected, it is hardly more 
troublesome to use 3 than £. When the fluid in the central jar it 
saturated, this may be emptied and replenished from the middle 
jar, the latter from the external one. Then supplying the exter- . 
nal jar anew, the process may be continued. 

The other figures are to explain an apparatus on the same prin- 
ciple, constructed of hollow, oblong paralellopipeds, differing in 
length more than in breadth; so as to allow a serpentine tube to 
wind into the interior, and deliver gas under a vessel shaped like 
a T. 

Fig. 2. represents a vertical section of the whole as when situated- 
for use.* 

Fig. 3. a vertical section of the lower vessels only. 

Fig. 4. a vertical section of the covers alone. 

Fig. 5. a horizontal section, or ground plan of the lower vessels. 
The upper vessels are so proportioned as to divide the distances 
between the lower ones equally. 

It may be well to mention, that this apparatus, from the facility 
with which it may be cleaned and inspected internally, admits of 
being made of porcelain or stone ware.t I have had a cylindrical 
one constructed of the latter material, in which the covers are in 
one piece, with a tube in the centre for introducing gas. The ap-. 
paratus may be made more efficacious, by drilling a series of small 
holes round the brims of the bell glasses or covers, so as to cause 
the gas, instead of passing round the brims in large bubbles, to 
divide itself into very small ones. By this means it will be more 
thoroughly intermingled with fluid. 

* Excepting*, that the covers ought to be so depressed, as that their 
brims ma\ be lower than the bottoms of the interior vessels over which they 
are placed respectively. This is necessary to prevent the gas from escap- 
ing, ere it have access to the surface of the fluid beneath those bottoms. 

t The apparatus may also be made of glass bottles, duly proportioned, 
and cut (iruncated) alternately near the shoulder and near the bottom. 
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A J)Teiv TJieory of Galvanism, supported by some Experiments and 
Observations made by means of the Calorimotor, a new Galvanid 
Instrument Read before the Academy of Natural Sciences, Phi- 
ladelphia,* by Robert Hare, M. D. Professor of Uhemistiry in 
the Medical Department of the University of Pennsylvania, and 
Member of several Learned Societies. 

[With an engraving'.] 

I have for some time been of opinion that the principle extri- 
cated by the voltaic pile is a compound of caloric and electricity, 
both being original and colateral products of galvanic action. 

The grounds of this conviction and some recent experiments 
• confirming it, are stated in the following paper. 

It is well known that heat is liberated by the voltaic apparatus, 
in a manner and degree which has not been imitated by means of 
mechanical electricity; and that the latter, while it strikes at a 
greater distance, and pervades conductors with much greater 
speed, can with difficulty be made to effect the slightest decompo- 
sitions. Wollaston, it is true, decomposed water by means of it; 
but the experiment was performed of necessity on a scale too mi- 
nute to permit of his ascertaining, whether there were any divel- 
lent polar attractions exercised towards the atoms, as in the case 
of the pile. The result was probably caused by mechanical concus- s 
sion, or that process by which the particles of matter are dispersed % 
when a battery is discharged through them. The opinion of Dr. 
Thomson, that the fluid of the pile is in quantity greater, in inten- 
sity less, than that evolved by the machine, is very inconsistent 
with the experiments of the chemist above mentioned, who, before 
he could effect the separation of the elements of water by mecha- 
nical electricity, was obliged to confine its emission to a point im- 
perceptible to the naked eye. If already so highly intense, where- 
Fore trie necessity of a further concentration? Besides, were the 
distinction made by Dr. Thomson correct, the more concentrated 
fluid generated by a galvanic apparatus of a great many small 
pairs, ought most to resemble that of the ordinary electricity; but 
the opposite is the case. The ignition produced by a few large 
galvanic plates, where the intensity is of course low, is a result 
most analogous to the chemical effects of a common electrical bat- 
tery. According to my view, caloric and electricity may be dis- 
tinguished by the following characteristics. The former permeates 
all matter more or less, though with very different degrees of faci- 
lity. It radiates through air, with immeasurable celerity, and dis- 
tributing itself in the interior of bodies, communicates a recipro- 
cally repellent power to atoms', but not to masses. Electricity 
does not radiate in or through any matter; and while it pervades 

* In whose Journal it was ordered to be printed, but, to prevent delay, It 
was published, by the author, in a separate paper, and forwarded by him to . 
the editor of this Journal. 
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some bodies, as metals, with almost infinite velocity; by others, it 
is so far from being conducted, that it can only pass through them 
by a fracture or perforation. Distributing itself over surfaces 
only, it causes repulsion between masses, out not between the 
particles of the same mass. The disposition of the last-mentioned 
principle to get off by neighbouring conductors, and of the other to 
combine with the adjoining matter, or to escape by radiation, 
would prevent them from being collected at the positive pole, if 
not in combination with each other. Were it not for a modification 
of their properties, consequent to some such union, they could not, 
in piles of thousands of pairs, be carried forward through the open 
air and moisture; the one so well calculated to conduct away 
electricity, the other so favourable to the radiation of caloric. 

Pure electricity does not expand the slips of gold-leaf, between 
which it causes repulsion, nor does caloric cause any repulsion in 
the ignited masses which it expands. But as the compound fluid 
extricated by galvanic action, which I shall call electro-caloric, 
distributes itself through the interior of bodies, and is evidently 
productive of corpuscular repulsion. It is in this respect more 
allied to caloric than to electricity. 

It is true, that when common electricity causes the deflagration 
of metals, as by the discharge of a Leyden jar, it must be supposed 
to insinuate itself within them, and cause a reaction between their 
particles. But in this case, agreeably to my hypothesis, the elec- 
tric fluid combines with the latent caloric previously existing there, 
and, adding to its repulsive agency, causes it to overpower cohe- 
sion.* 

Sir Humphry Davy was so much at a loss to account for the 
continued ignition of wire at the poles of a voltaic apparatus, that 
he considers it an objection to the materiality of heat; since the 
wire could not be imagined to contain sufficient caloric to keep up 
the emission of this principle for an unlimited time. But it we 
conceive an accumulation of heat to accompany that of electricity 
throughout the series, and to be propagated from one end to the 
other, the explanation of the phenomenon in question is attended 
by no difficulty. 

The effect of the galvanic fluid on charcoal is very consistent 
with my views, since, next to metals, it is one of the best conduc- 
tors of electricity, and the worst of beat, and would therefore ar- 
rest the last, and allow the other to pass on. Though peculiarly 
liable to intense ignition, when exposed tfetween the poles of 
the voltaic apparatus, it seems to me it does not display this 
characteristic with common electricity. According to sir Hum- 
phry Davy, when in connexion with the positive pole, and com- 
municating by a platina wire with the negative pole, the latter is 

• 
* Possibly the electric fluid causes decompositions when emitted from an 
impalpable point (as in the experiments of Wollaston) because its repulsive 
agency is concentred between integral atoms, in a mode analogous to that 
here referred to; a filament of water in the one case, and of wire in the 
other, being the medium of discharge. 
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less heated than when, with respect to the poles, the situation of 
the wire and charcoal is reversed. The rationale* is obvious: char- 
coal, being a bad conductor, and a good radiator, prevents the 
greater part of thp heat from reaching the platina, when placed 
between it and the source whence the heat flows. 

T had observed that as the number of pairs in Volta's pile had 
been extended, and their size and the energy of the interposed 
'agents lessened, the ratio of the electrical effects to those of heat 
: had increased; till in De Luc's column they had become completely 

fired omin ant; and, on the other hand, when the pairs were made 
arger and fewer fas in Children's apparatus) the calorific influ- 
ence had gained the ascendancy. I was led to go farther in this 
way, and to examine whether one pair of plates of enormous size, 
or what might be equivalent thereto, would not exhibit heat more 
purely, and demonstrate it, equally with the eletric fluid, a pri- 
mary product of Galvanic combinations. The elementary battery 
• of Wollaston, though productive of an evanescent ignition, was 
too minute to allow him to make the observations which I had in 
view. 

Twenty copper and twenty zinc plates, about nineteen inches 
square, were supported vertically in a frame, the different metals 
alternating at one half inch distance from each other* All the 
plates of the same kind of metal were soldered to a common slip, 
so that each set of homogeneous plates formed one continuous 
metallic superficies. When the copper and zinc surfaces, thus 
formed, are united by an intervening wire, and the whole immers- 
ed in an acid, or aceto-saline solution, in a vessel devoid of parti- 
tions, the wire becomes intensely ignited; and when hydrogen is 
liberated it usually takes fire, producing a very beautiful undulat- 
ing, or confiscating flame. 

I am confident, tnat if Volta and the other investigators of gal- 
vanism, instead of multiplying the pairs of galvanic plates, had 
sought to increase the effect by enlarging one pair as I nave done, 
(for i consider the copper and zinc surfaces as reduced to two by ' 
the connexion) the apparatus would have been considered as pre- 
senting a new mode 01 evolving heat, as a primary effect indepen- 
dently of electrical influence. There is no other indication of 
electricity when wires from the two surfaces touch the tongue, 
than a slight taste, such as is excited by small pieces of zinc and 
silver laid on it and under it, and brought into contact with each 
other. 

It was with a view of examining the effects of the proximity arid 
alternation in the heterogeneous plates that I had them cut into 
separate squares. By having them thus divided, I have been* en- 
abled to ascertain that when all of one kind of metal are ranged 
on one side of the frame, and all of the other kind on the other side 
of it, the effect is no greater than might be expected. from one pair 
of plates. 

Volta, considering the changes consequent to his contrivance as 
the effect of a movement in the electric fluid, called the process 
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electro-motion, and the plates producing it electro-motors. But 1 
the phenomena show that the plates, as I have arranged them, are 
calori-motors, or heat-movers, and the effect calori-motion. That 
this is a new view of the subject, may be inferred from the fol- 
lowing passage in Davy's Elements. That great chemist ob- 
serves, " When very small conducting surfaces are used for con- 
veying very large quantities of electricity, they become ignited; 
and of the different conductors that have been compared, charcoal 
is most easily heated by electrical discharges*, next iron, platina, 
gold, then copper, and lastly, zinc. The phenomena of electrical 
ignition, whether taking place in gaseous, fluid, or solid bodies, 
always seem to be the result of a violent exertion of the electrical 
attractive and repellent powers, which may be connected with 
motions of the particles of the substances affected. That no sub- 
tile fluid, such as the matter of heat has been imagined to be, can 
be discharged from these substances, in consequence of the effect 
of the electricity, seems probable, from the circumstance, that a 
wire of platina may be preserved in a state of intense ignition in 
vacuo, by means of the voltaic apparatus, for an unlimited time; 
and such a wire cannot be supposed to contain an inexhaustible 
quantity of subtile matter." 

But I demand where are the repellent and attractive powers to 
which the ignition produced by the Calorimotor can be attributed? 
Besides, I would beg leave respectfully to inquire of this illus- 
trious author,.whence the necessity of considering the heajt evolv- 
ed under the circumstances alluded to as the effect of the elec- 
trical fluid; or why we may not as well suppose the latter to be 
excited by the heat? It is evident, as he observes, that a wire cannot 
be supposed to contain an inexhaustible supply of matter how- 
ever subtile; but wherefore may not one kina of subtile matter 
be supplied to it from the apparatus as well as another; especially, 
when to suppose such a supply is quite as inconsistent with the cha- 
racteristics of pure electnci ty, as with those of pure caloric? 

It is evident from Mr. Children's paper in the. Annals of Phi- 
losophy, on the subject of his large apparatus, that the ignition 
produced by it was ascribed to electrical excitement. 

For the purpose of ascertaining the necessity of the alternation 
and proximity of the copper and zinc plates, it has been men- 
tioned that distinct square sheets were employed. The experi- 
ments have since been repeated and found to succeed by Dr. Pat- 
terson and Mr. Lukens, by means of two continuous sheets, one 
of zinc, the other of cppper, wound into two concentric coils or 
spirals. This, though tne circumstance was not known to them, 
was the form I had myself proposed to adopt, and had suggested 
as convenient for a galvanic apparatus to several friends at the ( 
beginning of the winterjt though the consideration above stated 

* The conclusions are drawn from experiments made by the electricity 
of the voltaic apparatus. 

t Especially to Dr. T. P. Jones, and Mr. Rubens Peale, who remember 
the suggestion. 

vex. h. b 
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induced me to prefer for a first experiment a more manageable 
arrangement. •« 

Since writing the above, I find that when, in the apparatus of 
twenty copper and twenty zinc plates, ten copper plates on ase 
aide are connected with ten zinc on the other, and a communka* 
tion made between the remaining twenty by a piece of iron wire, 
about the eighth of an inch in diameter, the wire enters into a 
vivid state of combustion on the immersion of the plates. Platina 
wire equal to No. 18 (the largest I had at hand) is rapidly fused 
if substituted for the iron. 

This arrangement is equivalent to a battery of two large gal- 
vanic pairs; excepting that there is no insulation, ail the plates 
being plunged in one vessel. I have usually separated the pairs 
by a board, extending across the frame merely. 

Indeed, when the forty plates were successively associated in 
pairs, of copper and zinc, though suspended in a fluid held in a 
common recipient without partitions; there was considerable in- 
tensity of galvanic action. This shows that, independently of any 
power of conducting electricity, there is some movement in the 
solvent fluid which tends to carry forward the galvanic principle ',1 

from the copper to the zinc end of the series. I infer that electri- 
cal oric is communicated in this case by circulation, and that in 
non-elastic fluids the same difficulty exists as to its retrocession 
from the positive to the negative end of the aeries, as is found 
in the downward passage of caloric through them. 

It ought to be mentioned, that the connecting wire should be 
placed between the heterogeneous surfaces before their immer- 
sion, as the most intense ignition takes place immediately after- 
ward. If the connection be made after the pl/ttes are immersed, 
the effect is much less powerful, and sometimes after two or three 
immersions the apparatus Loses its power, though the action of the 
solvent should become in the interim much more violent. With- 
out any change in the latter, after the plates have been for some 
time suspended in the air, they regain their efficacy. I had ob- 
served in a galvanic pile of three hundred pairs of two inches 
square, a like consequence resulting from a simultaneous immer- 
sion of the whole.* The bars holding the plates were balanced by 
weights, as window-sashes are, so that all the plates could be very 
quickly dipped. A platina wire, No. 18, was tused into a globule, 
while the evolution of potassium was demonstrated by a rose-co- 
loured flame arising from some potash which had been placed be- 
tween the poles. The heat however diminished in a few seconds, 
though the greater extrication of hydrogen from the plates indicat- 
ed a more intense chemical action. 

Agreeably to an observation of Dr. Patterson, electrical excite- 
ment may be detected in the apparatus by the condensing elec- 
troscope; b«t this is no more than what Volta observed to bo th© 
consequence of the contact of heterogeneous metals. 

* See Plate. Fiff, 3. 
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The thinnest piece of charcoal intercepts the caloric agent, 
whatever it may be. In order to ascertain this, the inside of a 
hollow brass cylinder, having the internal diameter two inches, 
and the outside of another smaller cylinder of the same substance, 
were made conical and correspondent, so thai the greater would 
contain the less, and leave an interstice of about one-sixteenth of 
an inch between them. This interstice was filled with wood, by 
plugging the larger cylinder with, this material, and excavating 
the plug till it would permit the smaller brass cylinder to be driv- 
en in. The excavation and the fitting of the Cylinders was per- 
formed accurately by means of a turning lathe. The wood in the 
interstice was then charred by exposing the whole covered by sand 
in a crucible to a red heat. The charcoal, notwithstanding the 
shrinkage consequent to the fire, was brought into complete con- 
tact with the inclosing metallic Surfaces by pressing the interior 
cylinder further into the exterior one. ^ 

Thus prepared, the interior cylinder being made to touch one 
of the galvanic surfaces, a wire brought from the other galvanic 
surface into contact With the outside cylinder, was not affected in 
the least, though the slightest touch of the interior one caused ig- 
nition. The contact of the charcoal, with the containing metals 
probably took place throughout a superficies of four square inches, 
and the wire was not much more than the hundredth part of an 
inch thick, so that unless it were to conduct electricity about for- 
ty thousand, times better than the charcoal, it ought to have been 
heated; if the calorific influence of this apparatus result from 
electrical excitement. 

I am led finally to suppose, that the contact of dissimilar metals, 
when subjected to the action of solvents, causes a movement in ca- 
loric as well as in the electric fluid, and that the phenomena of 
galvanism, the unlimited evolution of heat by friction, the extri- 
cation of gaseous matter without the production of cold, might all 
be explained by supposing a combination between the fluids of 
heat and electricity. We find scarcely any two kinds of ponder- 
able matter which do not exercise more or less affinity towards 
each other. Moreover, imponderable particles are supposed high- 
ly attractive of ponderable ones. Why then should we not infer 
the existence of similar affinities between imponderable particles 
reciprocally? That a peculiar combination between heat and 
light exists in the solar beams, is evident from their not imparting 
warmth to a lens through which they may pass, as do those of our 
culinary fires. 

Under this view of the case, the action of the poles in galvanic 
decomposition is one of complex affinity. The particles of com- 
pounds are attracted to the different wires agreeably to their sus- 
ceptibilities to the positive and negative attraction, and the calo- 
ric leaving the electric fluid with which it had been combined, 
unites rtitn them at the moment that their electric state is neu- 
tralized. 
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As an exciting fluid, I have usually employed a solution of one ] 

part sulphuric acid, and two parts muriate of soda with seventy of 
water; but, to my surprise, I nave produced nearly a white heat by 
on alkaline solution barely sensible to the taste. 

For the display of the heat effects,.the addition of manganese, 4 

red lead, or the nitrates, is advantageous. 

The rationale is obvious. The oxygen of these substances pre- ; 

vents the liberation of the gaseous hydrogen, which would carry off . jj 

the caloric. Adding to diluted muriatic acid, while acting on ■"* 

zinc, enough red lead to prevent effervescence, the temperature ! 

rose from 70 to 1 10 Fahrenheit 

The power ofche calorimotor is much increased by having the 
communication between the different sheets formed by very large 
strips or masses of metal. Observing this, I rendered the sheets 
of copper shorter by half an inch, for a distance of four inches of 
their edges, where tne communication was to be made between the 
zinc sheets; and, vice versa, the zinc was made in the same way 
shorter than the copper sheets where these were to communicate 
with each other. Tne edges of the shortened sheets being defend- 
ed by strips of wood, tin was cast on the intermediate protruding 
edges of tne longer ones, so as to embrace a portion of each equal 1 

to about one quarter of an inch by four inches. On one side, the , 

tin was made to run completely across, connecting at the same i 

time ten copper and ten zinc sheets. On the other side there was ' } 

an interstice of above a quarter of an inch left between the stra- « 

turn of tin embracing the copper, and that embracing the zinc j 

plates. On each of the approaching terminations. of the connect- 
ing tin strata was soldered a kind of forceps, formed of a bent, 
piece of sheet brass, furnished with a screw for pressing the jaws 
together. The distance between the different forceps was about 
two inches. The advantage of a very close contact was made 
very evident by the action of the screws; the relaxation or increase 
of pressure on the connecting wire by turning them being pro- 
ductive of a correspondent change in the intensity of ignition. 

It now remains to state, that by means of iron ignited in this ^ 
apparatus, a fixed alkali may be decomposed extemporaneously.* 
Ii a connecting iron wire, while in combustion, be touched by the 
hydrate of potash, the evolution of potassium is demonstrated by 
a rose-coloured flame. The alkali may be applied to the wire in 
small pieoes in a flat hook of sheet iron. But the best mode of 
application is by means of a tray made by doubling a slip of sheet 
iron at the ends, and leaving a receptacle in the centre, in which 
the potash may be placed covered with filings. This tray being - 



* This evidently differs from the common mode of decomposing the fix- 
ed alkalies by galvanism: there the effect depends on electrical attractions 
and repulsions— here on the chemical agency of ignited iron produced ex- 
temporaneously in the galvanic circuit: this mode of operating appears to be 
new. Editor. 
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substituted for the connecting wire, as* soon as the immersion of 
the apparatus causes the metal to burn, the rose-coloured flame 
appears, and if the residuum left in the sheet iron be afterward 
thrown into water, an effervescence sometimes ensues. 

I have ascertained that an iron heated to combustion, by a * 
blacksmith's forge fire, will cause the decomposition of the hydrate 
of potash* 

The dimensions of the caiorimotor may be much reduced with- 
out proportionably diminishing the effect I have one of sixty 
plates within a cubic foot, which burns off No. 16, iron wire. A 
good workman could get 120 plates of a foot square within a hol- 
low' cube of* a size no larger. But the inflammation of the hydro- 
gen which gives so- much splendor to the experiment, can only 
be exhibited advantageously on a lfrge scale. 

EXPLANATION OF THE PLATE. 

A a, Fig. 1st, two cubical vessels, 20 inches square, inside. 
6 6 6 6a frame of wood containing 20 sheets of copper, and 20 
sheets of zinc, alternating with each other, and about half an inch 
apart. T T 1 1 masses of tin cast over the protruding edges of 
the sheets which are to communicate with each other. Fig. 2, 
represents the mode in which the junction between the various 
sheets and tin masses is effected. Between the letters % z, the 
zinc only is in contact with the tin masses^ Between c c the copper 
alone touches. It may be observed, that, at the back of the frame, 
ten sheets of copper between c c, and ten sheets of zinc between 
x z, are made to communicate, by a common mass of tin extend- 
ing the whole length of the frame, between T T: but in front, as 
m fig. 1, there is an interstice between the mass of tin connecting 
the ten copper sheets, and that connecting the ten zinc sheets. 
The screw forceps, appertaining to each of the tin masses, may 
be seen on either %ide of the interstice: and likewise- a wire for 
ignition held between them. The application of the rope, pulley, 
and weights, is obvious. The swivel at S permits the frame to be 
swung round and lowered into water in the vessel a, to wash off 
the acid, which, after immersion in the other vessel, might con- 
tinue to act on the sheets, encrusting them with oxide. Between 
p p there is a wooden partition which is not necessary, though it 
may be beneficial. 

Fig. 3, represents an apparatus alluded to, page 419. It con- 
sists of a couronne des tasses, reduced to a form no less compact 
than that of the trough. Hollow parallelopipeds of glass are sub- 
stituted for tumblers or cells. The plates are suspended to bars 
counterpoised like window -sashes. 

The advantages are as follows. The material is one of the best 
non-conductors, is easily cleansed, and is the most impervious to 
solvents. The fracture of one of the cups is easily remedied by 
a supernumerary. They may be procured (as in the United States) 
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where porcelain cannot b6 had. The shock from 300 pairs is 
such as few will take a second time. Some of the effects hare 
already been, stated.* 

At Fig. 4, one of the hollow glass parallelopipeds on an enlarg- 
ed scale is represented. 

* The glasses may be bad by applying to Edw. A. Pearson, No. 71 
Cornhill, Boston. 
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